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This  contract  with  The  Bocinp  Commercial  Airplane  Company  was  initiated  under 
Manufacturing  Methods  Project  746-2,  “Sleeve  Cold  working  Fastener  Moles.”  It  was 
conducted  under  the  technical  direction  of  Captain  Carlan  Silha.  Metals  Branch 
(AFML/LTM).  Manufacturing  Technology  Division,  Air  Force  Materials  Laboratory, 
WriglU-Patterson  Air  Force  Base,  Ohio. 

Tliis  program  was  accomplished  at  The  Boeing  Commercial  Airplane  Company  in 
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Lindh.  Dave  Reese.  Tom  Kane,  Burke  Dykes.  Walt  Swift,  and  Merrell  Christianson. 

Publication  of  this  final  technical  report  does  not  constitute  Air  Force  approval  of  the 
report's  Findings  or  conclusions.  It  is  published  only  for  the  exchange  and  stimulation  of 
ideas.  Your  comments  are  solicited  on  the  potential  utilization  of  the  information  contained 
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rework.  Suggestions  concerning  additional  manufacturing  methods  on  this  or  other  subjects 
will  be  appreciated. 

This  program  was  accomplished  as  part  of  the  Air  Force  Manufacturing  Technology 
Program,  the  primary  objective  of  which  was  to  develop  on  a  timely  basis,  manufacturing 
processes  and  techniques  for  use  in  economical  production  of  USAF  materials  and 
components  for  aircraft  production. 
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ABSTRACT 


li\  this  21 -month  program,  optimized  process  parameters  for  sleeve  coldworking  of 
fastenei  holes  have  been  developed,  and  the  effects  of  process  and  application  parameters  on 
struck  ral  performance  have  been  defined  for  selected  aluminum,  titanium,  and  high- 
strength  steel  alloys.  The  sleeve  coldworking  process  for  fastener  holes  is  a  process  that  uses 
a  tapered  mandrel  in  conjunction  with  a  disposable,  prelubricated  sleeve  to  compressively 
prestress  a  significant  size  zone  around  each  hole  which  offsets  the  stress  concentration  of 
the  hole  itself.  The  sleeve  method  allows  higher  degrees  of  presfressing  than  possible  with 
other  methods  and  offers  potential  for  significani  improvements  in  fatigue  performance.  In 
addition,  it  does  not  require  precision  controls  germane  to  other  fatigue-rated  hole 
preparation/fastener  installation  systems.  This  technical  report  covers  the  results  of  this 
21 -month  program.  In  addition  to  definition  of  optimized  methods  and  the  effects  of 
process  and  application  variations  upon  structural  performance,  the  results  include 
performance  and  economics  comparisons  for  the  process  with  other  fatigue-rated  hole 
preparation/fastener  systems. 
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Mandrel  diameter  progressively  reduced  to  0.3531  inch  in  5  holes 
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To  nearest  0.0005  inch  R]>  Mandrel  diameter  progressively  reduced  to  0.3522  inch  in  4  holes 
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AISI  9260  mandrel  used  for  hole  08.  Maximum  diameter  -  0.3537  inch. 
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Mandrel  diameter  progressively  reduced  to  0.7140 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  |,a _ 

NOMINAL  EXPANSION  VALUE:  0.025  in. 


GENERAL  TEST  CONDITIONS 

1 .  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 


Configuration: 

Fig.  2 

Width: 
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Hole  spacing: 

1.50  in. 

Edge  margin: 
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Material : 

2024  T-8S1 

Material  gauge: 

0.250  in. 

Surface  Treatment:  Shot  peen 

Fastener: 

None 

Hole  Preparation 

Nominal  hole  size:  3/8  in. 

Process:  Drill,  ream,  CW  &  ream  (1/64  in.) 


2024 

0.025-in.  interference 
30ksi 


DATE:  11/2/72 _ 

CW  Process 

Sleeve  type:  Axial  Split _ 

Sleeve  thickness:  0.010  in. _ 

Sleeve  orientation:  0° 

CW  Mandrel:  ST  5300-CBM-  12  -C 
CW  Mandrel  Taper:  0.045  inch/inch 
CW  Mandrel  Major  Dia.  :0.3540  in. 
Lubrication:  Fel  Pro  300  (on  sleeve) 


Fatigue  Conditions 

Net  stress:  30  ksi  max. 

Test  load:  8650  1b 

Load  rotio:  (R)  =  0.  1  ~ 

Test  Frequency:  6200/minute 

Test  Laboratory:  Materials _ 

Test  Engineer:  p,  Reese _ 

Test  Machine:  Vibraphore  (36  kip) 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  ha _ 

NOMINAL  EXPANSION  VALUE:  0.025  in. 


GENERAL  TEST  CONDITIONS 

1.  Specimen  DescripHon 

Zero  load  transfer,  2  hole,  no  CSK 


Configuration: 
Width : 

Hole  spacing: 
Edge  margin: 
Material : 


Pig  2 
1.50  in. 

1.60  in. 
0.75  m. 
2024  T-aSI 


Material  gauge;  0.250  in. 
Surface  Treotment:  Shot  peen 
Fastener:  None 


DATE;  11/2/72 _ ' 

3 .  CW  Process 

Sleeve  type:  Axial  Split _ 

Sleeve  thickness:  0.010  in. 

Sleeve  orientation;  0° 

CW  Mandrel ;  ST  5300-CBM-  12  -( 

CW  Mandrel  Toper:  0.045  inch/inch 
CW  Mandrel  Major  Dio. :  0.3530  in. 

Lubricotlon:  Fel  Pro  300  (on  sleeve) 


Hole  Preparation  4 

Nominol  hole  size:  3/9  jn. 

Process:  Drill,  reom,  CW  &  reom(1/64  in.) 


2024 

0.025  in.  interference 
30  ksi 


Fatigue  Conditions 

Net  stress:  30  ksi  max  _ 

T est  load :  8650  lb 
Lood  rotio;  '  (R)  ~  Q.  ) 

Test  Frequency:  6200/minute 
Test  Loborotory:  Materials 
Test  Engineer:  P  Reese 

Test  Mo  chine:  Vibraphore  (36  kip) 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER: 


118 


NOMINAL  EXPANSION  VALUE:  0.020  in. 


GENERAL  TEST  CONDITIONS 

1.  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 


DATE: 


11/2/72 


CW  Process 


Sleeve  type:  Axiol  Split 


Sleeve  thickness:  0.010  in. 


Width : 

1.50  in. 

Hole  spocing: 

1  50  in. 

Edge  margin; 

0.75  in. 

Material : 

2024  T  851 

Material  gauge; 

0.250  in. 

Surface  Treatment;  Shot  peen 

Fastener : 

None 

Sleeve  orientotlon:  0° 

CW  Mandrel;  ST  5300-CBM-  -C-N 


CW  Mandrel  Taper:  0.045  mch/mch 


2. 


Hole  Preparation  4 

Nominal  hole  size:  3/8  in. 

Process:  Drill,  ream,  CW  &  reom  (1/64  in.) 


CW  Mandrel  Mojor  Dia.  :0.3540 
Lubrication:  Fel  Pro  300  (on  sleeve) 


Fotigue  Conditions 

Net  stress:  30  ksi  max 


8650  lb 

(R)  ■-  0.  ! 


T  est  lood ; 

Load  rotio: 

Test  Frequency:  620Q/minme 
Test  Laborotory:  Materials 
Test  Engineer:  p.  Reese 
Test  Mochine: 


Vibraphore  (36  kip) 
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Specimen  No. 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  _iib _ 

NOMINAL  EXPANSION  VALUE:  o.020in. 


GENERAL  TEST  CONDITIONS 


DATE:  n/2;72 


1.  Specimen  Description 


CW  Process 

Sleeve  type: 


Axipl  Split 


Configuration: 

Fig.  2 

Sleeve  thickness:  0.010 in. 

Width: 

1.50  in. 

Sleeve  orientation:  0° 

Hole  spacing: 

1.50  in. 

CW  Mandrel:  ST  5300 -CBM-  12  -0 

Edge  margin: 

0.75  in. 

CW  Mandrel  Toper:  0.045  inch/inch 

Material : 

2024  T-851 

CW  Mandrel  Major  Dio.  ;0.3539  in. 

Material  gauge; 

0.250  in. 

Lubrication:  Fel  Pro  300  (on  sleeve) 

Surface  Treatment:  Shot  peen 

Fastener: 

None 

2  Hole  Preparotion 


4.  Fatigue  Conditions 


Nominal  hole  size:  3/8  in. 


Process:  Drill,  ream,  CW  &  ream  (1/64  in.) 


2024 

0.020-in.  interference 
30ksi 


Net  stress: 
Test  load: 
Load  rotio: 


30  ksi  max 


8650  lb 

"  ir'-' 


0,  1 


Test  Frequency:  6200/minute _ 

Test  Loborotory:  Materials _ 

Test  Engineer:  D.  Reese 

Test  Mochine;  Vibraphore  (36  kipl 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER;  iic _ 

NOMINAL  EXPANSION  VALUE:  o.Ol5  in. _ 


GENERAL  TEST  CONDITIONS 

1.  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 


DATE: 


11/2/72 


Configuration; 

Fig.  2 

Width: 

1.60  in. 

Hole  spacing; 

1.50  in. 

Edge  margin; 

0.75  in. 

_ 

Material : 

2024  T  851 

Material  gauge; 

0.250  in 

Surface  Treatment 

;  Shot  peen 

Fastener : 

None 

3.  CW  Process 

Sleeve  type:  Axipl  Split _ 

Sleeve  thickness:  0.010  in. 

Sleeve  orientation:  0° 

CW  Mondrel :  ST  5300-CBM-  12  -Q 
CW  Mandrel  Toper;  0.045  mch,' inch 
CW  Mondrel  Major  Dio.  :  0.3540  in. 
Lubricotion:  Fel  Pro  300  (on  sleeve'i 


Hole  Preparation  4. 

Nominal  hole  size:  3/8  in. 

Process;  Drill,  ream,  CW  &  ream  (1/64  in.) 


2024 

0.015'in.  interference 
30  ksi 


Fotigue  Conditions 

Net  stress:  30  ksi  max 

Test  load:  _ 8650  lb _ 

Load  ratio:  (R^  =  0.  I 

Test  Frequency:  620Q/minute 

Test  Laboratory:  Materials _ 

Test  Engineer;  D  Reese 
TestMochine:  Vibraphore  (36  kip) 
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.026  in  Bow 


010  in.  Bow 


.016  in.  Bow 


Token  at  Minimum  (midpoint) 


Phase  i  -  task  2  -  optimum  expansion  definition 


TEST  NUMBER:  _nD _ 

NOMINAL  EXPANSION  VALUE:  oo,oin. 


GENERAL  TEST  CONDITIONS 

1.  Specimen  DescripHon  3. 


Zero  load  transfer 
Configuration' 

,  2  hole,  no  CSK 
Fig.  2 

Width: 

1.50  in. 

Hole  spacing: 

1.50  in. 

Edge  margin: 

0.75  in. 

Material : 

2024  T  851 

Moteriol  gauge: 

0.250  in. 

Surface  Treatment 

:  Shot  peen 

Fastener : 

None 

2.  Hole  Preparation  4. 

Nominal  hole  5ize:3/8in. 

Process:  Drill,  ream,  CW  &  ream  (1/64  in.) 


2024 

O.OIO  in.  Interference 
30  ksi 


DATE:  1 1/2/72 _ 

CW  Process 

Sleeve  type:  Axiol  Split _ 

Sleeve  thickness;  q.qiq  in, _ 

Sleeve  orientation:  0® 

CW  Mandrel :  ST  5300-CBM-  12  -0-N 

CW  Mandrel  Toper:  0.045  inch/inch 
CW  Mandrel  Major  DIa.  :0. 3540  in. 
Lubrication:  Fel  Pro  300  (on  sleeve! 


Fatigue  Conditions 

Net  stress:  30  ksi  ma* 

Test  lood:  8600  lb _ _ 

Load  rotio:  (R^  =  0.  1 

Test  Frequency ;  6200/minute 
Test  Loborotory:  Materials 
Test  Engineer:  D.  Reese 
Test  Machine:  Vibraphore  (36  kip) 


Specimen  No, 

Hole  No. 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 
Diametrical  Expansion 
(Inches) 

Retained 

Diametrical  Expansion 
(Inches) 

Cycles  to  Failure 
(Thousands) 

Origin  of  Failure 

and 
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II 

D1 

1 

,3650 

.3680 
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Token  ot  Minimum  (midpoint) 
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PHASE  1  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 
TEST  NUMBER;  HE 


NOMINAL  EXPANSION  VALUE; 


aOSEin. 


GENERAL  TEST  CONDITIONS 
I.  Specimen  Description 


DATE; 


11/2/72 


3 .  CW  Process 


Zero  lood  transfer 

,  2  hole,  no  CSK 

Configuration; 

Fig.  3 

Width: 

3.00  in. 

Hole  spacing: 

3.00  in. 

Edge  margin; 

1 .50  in, 

Material ; 

2024  T^61 

Material  gouge; 

0.375  in. 

Surface  Treatment 

•  Shot  peen 

Fastener : 

None 

Hole  Preparotion 

4 

Nomirval  hole  size 

3/4  In. 

Krocess;  Drill,  ream,  CW  &  reom  (1/64  in.) 

Sleeve  type:  Axial  Split 

Sleeve  tttickness; 


0° 


Sleeve  orientation; 

CW  Mandrel:  ST  5300-CBM-  24  -O-N 

CW  Mondrel  Toper;  0.045  ir«h/inch 
CW  Mandrel  Major  Dio.  ;  0.7164  in 
Lubricotion;  Fel  Pro  300  (.on  sleeve) 


2024 

0.035  in.  interference 
30  ksi 


Fatigue  Conditions 

Net  stress; 
Test  lood; 

Lood  ratio; 


.30  ki«  max 
2S.400  lb 

(R)  0.  1 


Test  Frequency; 

Test  Loborotory; 

Test  Engineer; 

Test  Machine:  vibraphore  (36 kiol 


Maiarialk. 


JD.  RBwe 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER: 


HE 


NOMINAL  EXPANSION  VALUE:  0.035  ,n. 


GENERAL  TEST  CONDITIONS 


DATE: 


11/2/72 


1.  Specimen  Description 


CW  Process 


2. 


Zero  load  transfer, 

,  2  hole,  no  CSK 

Sleeve  type:  Axial  Split 

Configuratir  n: 

Fig.  3 

Sleeve  thickness:  0.015  in. 

Width : 

3.00  in. 

Sleeve  orientation:  0° 

Hole  spacing: 

3.90  in. 

CW  Mandrel:  ST  5300-CBM-  24  -0 

Edge  margin: 

1.50  in. 

CW  Mandrel  Taper:  0,045  inch/inch 

Moterial : 

2024  T  851 

CW  Mondrel  Mojor  Dio.  :0.7l64in. 

Moteriol  gouge: 

0.375  in. 

Lubrication:  Fel  Pro  300  (on  sleeve) 

Surface  Treotment 

:  Shot  peen 

Fastener ; 

None 

Hole  Pieparotion 

4  Fotigue  Conditions 

Nominal  hole  size 

:3/4  in. 

Net  stress:  40  ksi  ma* 

Process:  Drill,  ream,  CW  &  ream  (1/64  in.) 


33,777  lb 

(R)  =  0,  1 


Test  load: 

Lood  ratio: 

Test  Frequency:  8000/minute _ 

Test  Loborotory:  Materials 
Test  Engineer:  _p.  Reese  _ 

Vest  Mochine:  Vibraphore  (36  kip) 
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II 
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.7115 
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45 
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49 


05=], 

.034  in.  Bow  CW 
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45 


14 
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0225 


f  'I  I  •  I 


Token  ot  Min  imum  (midpoint) 


NOMINAL  EXPANSION  VALUE: 


GENERAL  TEST  CONDITIONS 

Specimen  Dejcription 

Zerc  load  transfer,  2  hole,  no  CSK 


Configuration- 

Fig.  3 

Width: 

3  00  in 

Hole  spacing: 

3.00  in. 

Edge  margin : 

1.50  in. 

Material : 

2024  T  851 

Material  gauge: 

0.375  in. 

Surface  Treatment 

:  Shot  peen 

Fastener ; 

None 

Sleeve  type; 

Sleeve  thickness: 

Sleeve  orientation: 

CW  Mandrel ;  ST  5300-CBM- 


-0-N 


CW  Mandrel  Taper;  0.045  inch/inch 


2.  Hole  Preparation  4 

Nominal  hole  size:  3/4  m. 

Process:  Drill,  ream,  CW  &  ream  (1/64  in.) 


CW  Mandrel  Mojor  Dla.  ;  0  7164  in 
Lubrication:  Fel  Pro  300  (on  sleeve) 


Fatigue  Conditions 

35  ksi  max 


29,5001b 

(R)  -  0.  1 


Net  stress; 

T  est  lood; 

Load  ratio; 

Test  Frequency;  8000/ minute 
Test  Laborototy;  Materials 
Test  Engineer:  D,  Reese 
Test  Mochine; 


Vibraphore  (36  kip) 


Specimen  No, 

Hole  No, 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 

Diametricol  Expansion 
(Inches) 

Retained 

Diametrical  Exparssion 
(Inches) 

Cycles  to  Failure 
(Thousoixls) 

Origin  of  Failure 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 
TEST  NUMBER:  IIF 


NOMINAL  EXPANSION  VALUE:  0.0315  1 0.0015  in. 


GENERAL  TEST  CONDITIONS 

1.  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 
Configurotion:  Fig.  3 

Width: 


DATE: 


11/2/72 


CW  Process 


Sleeve  type:  Axial  Split 


Hole  spocing : 
Edge  margin; 
Material : 


3.00  in. 
3.00  in. 


1.50  in. 


Sleeve  thickness:  Q.QIS  in, _ 

Sleeve  orientation:  0° 

CW  Mandrel;  ST  5300-CBM-  24  -0-N 

CW  Mondrel  Toper;  0.045  inch/inch 


2024  T^51 


Material  gauge;  0.375  jn. 


CW  Mandrel  Major  Dio.  ;  0.71&4  in. 
Lubrication:  Fel  Pro  300  (on  sleevel 


Surface  Treatment;  Shot  peen 
Fastener:  None 


2. 


Hole  Preparation 

Nominal  hole  size; 

Process:  Drill,  ream,  CW  &  reom  (1/64  in.) 


4.  Fatigue  Conditions 


3/4  in. 


Net  stress: 


30  ksi  max 


Test  load;  26.400  lb 
Lood  ratio:  (R)  ^  0.  1 


Test  Frequency:  6500/minute 

Test  Laboratory:  Materials _ 

Test  Engineer:  p,  Reese 

Test  Machine;  vibraohore  (36  kip) 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  _ no _ 

NOMINAL  EXPANSION  VALUE:  o t o oosb in 


GENERAL  TEST  CONDITIONS 

1.  Specimen  Description  j 

Zero  load  transfer,  2  hole,  no  CSK 
Configuration:  Fig.  3 

_ 3.00  ifs. _ 

Hole  spacing:  3.OO  in. _ 

Edge  margin:  1.6O  in, _ 

Materiel;  _ 2024T-851 _ 

Material  gauge;  0.375  in. _ 

Surface  Treatment;  Shoi  peen _ 

Fastener:  None 

2  Hole  Preporotion  4 

Nominal  hole  size:  3/4  in. 

Process:  Drill,  ream,  CW  &  ream  (1/64  in. 


2024 

0.027  in.  interference 
30  ksi 


DATE:  11/2/72 _ 

CW  Process 

Sleeve  type:  Axial  Split 

Sleeve  thickness:  00^5  j,,. _ 

Sleeve  orientation;  0° 

CW  Mandrel:  ST  5300-CBM-  24  -C 

CV/  Mandrel  Toper;  0.045  inch/inch 
CW  Mandrel  Mojor  Dio.  :  .7164  in. 
Lubricotion;  Fel  Pro  300  (on  sleeve) 


Fatigue  Conditions 

Net  stress;  30  ksi  max _ 

Testlood:  25.500  lb 

Load  ratio:  (RT  =  071 

Test  Frequency;  6500/minute 
Test  Laboratory:  Materials 
Test  Engineer:  p,  Reese 
T est  Mach  i ne :  wik,=.„k„«  n 


-C-N 


Hole  Diameter 
(inches) 


Hole  finish 
(RHR) 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER; 


IIH 


NOMINAL  EXPANSION  VALUE;  p Q25 jn. 


GENERAL  TEST  CONDITIONS 

1.  Spec i me fi  Description 

Zero  load  transfer,  2  hole,  no  CSK 
Configuration;  Fig.  3 
Wi  dth ; 


DATE: 


11/2/72 


CW  Process 


Sleeve  type;  Axial  Split 


Sleeve  thickness:  0,015 


Hole  spacing: 
Edge  margin; 
Material : 


..IflO-iCL- 


QO 


24 


1.S0  in. 


-2fl24  T-aS1 


Material  gouge;  0,375 


Sleeve  orientation; 

CW  Mondrel ;  ST  5300-CBM 
CW  Mandrel  Taper;  0,045  inch/inch 
CW  Mandrel  Major  Dio.  : c.7i64  jn. 
Lubricotion;  Fel  Pro  300  (on  sleeve  I 


-C-N 


Surface  Treatment 
Fastener;  None 


Shot  peen 


2 .  Hole  Preparation 


4.  Fatigue  Conditions 


Nominal 

Process: 


hole  size: 

Drill,  ream,  CW  &  ream  (1/64  in.) 


3/4  in. 


35  ksi  max 
29.800  lb 

(R) 


0.  I 


Net  stress: 

T est  load: 

Load  rotio: 

Test  Frequency:  6500/minute 
Test  Loborotory:  Materials 
Test  Engineer; 

Test  Machine: 


D.  Reese 


Vibraphore  (36  kip) 


Taken  at  Minimum  (midpoint) 
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specimen  No. 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER;  hh _ 

NOMINAL  EXPANSION  VALUE;  0.025  in. 


GENERAL  TEST  CONDITIONS 

1.  Specimen  Description  3. 

Zero  load  transfer,  2  hole,  no  OS's 

Configuration:  Fig  3 _ 

Width;  _ _ 3.00  ire _ 

Hole  spacing:  3.00 in. _ 

Edge  margin;  l.SO  in. _ 

Material; _ 2024  T-861 _ 

Material  gouge;  0.375  jn, _ 

Surface  Treatment:  sh.ot  oeen _ 

Fastener:  None 

2.  Hole  Preparation  4. 

Nominal  hole  size;  374  in. 

Process;  Drill,  ream,  CW  &  ream  (1/64  in.) 


2024 

0.025  in.  interference 
30ksi 


DATE;  11/2/72 _ 

CW  Process 

Sleeve  type:  Axigl  Split _ 

Sleeve  thickness:  qqss  jp. _ 

Sleeve  orientation:  0° 

CW  Mondrel :  ST  5300-CBM-  24'  -( 
CW  Mondrel  Taper:  0.045  inch/inch 
CW  Mondrel  Major  Dia.  :  0,7154  in. 
Lubricotion:  Fel  Pro  300  (on  sleeve) 


Fotlgue  Conditions 

Net  stress:  30  ksi  max_ _ 

Test  load;  25.400  lb _ 

Load  rotio:  (R^  ~  0.  1 

Test  Frequency:  6500/minute 

Test  Loboratory;  Materials _ 

Test  Engineer:  p,  Reese 

Test  Machine;  Vibraphore  (36  kip) 


Hole  Finish 
(RHR) 


.7235  .7355  .7480  50  23  45  .0229  .0120 


2  .7235  .7355  .7480  40 


,7480  35 

H - - - - 

4  2  .7230  .7340  .7480  30 

I _ J - - L- _ _ _ , 

Token  at  Mi  nimum  (midpoint) 


After  CW 

After  Ream 

17 

45 

25 

42 

23 

45 

16 

30 

Origin  of  Foilure 
ond 

Remarks 


15  20  .0234  .OnO 
12  25  .0234  .0110 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER; 


iiJ 


NOMINAL  EXPANSION  VALUE; 


0.025  in. 


GENERAL  TEST  CONDITIONS 


DATE; 


11/10/72 


1 .  Specimen  Description 


3 .  CW  Process 


Zero  load  transfer, 

,  2  hole ,  no  CSK 

Sleeve  type:  Axial  Split 

Configuration: 

Fig.  2 

Sleeve  thickness:  O.OIOin. 

Width : 

1.50  in. 

Sleeve  orientation:  0° 

Hole  spacing; 

1.50  in. 

CW  Mondrel :  ST  5300-CBM-  12  -C 

Edge  margin; 

0.75  in. 

CW  Mandrel  Toper:  0.045  inch/inch 

Material ; 

6At-4V  Ti 

CW  Mandrel  Major  Dio.  ;  0.3530  in. 

Material  gauge: 

0.250  in. 

Lubricotion:  Fel  Pro  300  (on  sleeve) 

Surface  Treatment 

:  Shot  peen 

Fastener: 

None 

Hole  Preparation 

4.  Fotigue  Conditions 

Nominal  hole  size 

:  3/8  in. 

Net  stress:  Sea  remarks 

Process:  Drill,  ream, 


6AI  4V 

0.025-in.  interference 
60  and  70  ksi 


Test  lood;  20,200 lb _ 

Load  ratio:  (R)  =  0.  1 

Test  Frequency;  6500/minute 
Test  Loborotory:  Materials 
Test  Engineer;  D.  Reese 
Test  Machine; 


Vibraphore  (36  kip) 
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j  41  I  I'D . ' 


NOMINAL  EXPANSION  VALUE:  0.026  in. 


GENERAL  TEST  CONDITIONS  DATE; _ 11/10/72 

I.  Specimen  Description  3.  CW  Process 


0 

Z 

c 

6 

Z 

Hoi 

( 

e  Diometer 

inches) 

£ 

V 

$ 

After  CW 

D> 

Spec 

0 

X 

u 

U 

0 

cSi 

After  rea 

II 

1 

.3505 

.3625 

.3735 

J2 

2 

.3505 

.3625 

.3735 

11 

1 

.3495 

.3645 

.3730 

J4 

2 

.3495 

.3645 

.3730 

Hole  Finish 
(RHR) 


Origin  of  Failure 
and 

Remarks 


.0225  .0150 


Different  mandrel 
used— dia  =  ,3540  in. 


Token  at  Minimum  (midpoint) 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER: 


llj 


NOMINAL  EXPANSION  VALUE: 


a025  in. 


GENERAL  TEST  CONDITIONS 


DATE: 


11/10/72 


Specimen  Description 


CW  Process 


Zero  load  tronsfer, 

,  2  hole,  no  CSK 

Sleeve  type;  Axial  Split 

Configuration: 

Fig,  2 

Sleeve  thickness:  0.010 in. 

Width : 

1.50  in. 

Sleeve  orientation:  0° 

Hole  spacing: 

1.50  in. 

CW  Mandrel:  ST  5300 -CBM-  12  -0 

Edge  margin: 

0.76  in. 

CW  Mondrel  Taper;  0.045  inch/inch 

Material : 

6AI-4V  Ti 

CW  Mondrel  Mojor  Dio.  :o.3530  in. 

Material  gauge; 

0.250  in. 

Lubrication:  Fel  Pro  300  (on  sleeve) 

Surface  Tieatment 

Shot  peen 

Fastener : 

None 

Hole  Preporation 

4  . 

Fotlgue  Conditions 

Nominal  hole  size 

:  3/8  in. 

Net  stress:  80  ksi  max 

Process;  Drill,  ream,  CW  &  ream  (1/64  in.) 

Test  load:  23,1001b 

6AI-4V 

0.025  in.  interference 
80  ksi 


Load  ratio: 

Test  Frequency;  eSOO/mirtute 
Test  Laborototy:  Materials 
Test  Engineer:  D.  Reese 


Test  Mochine:  Vibraphore  (36  kip) 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  iij _ 

NOMINAL  EXPANSION  VALUE:  0.0?«^  m. _ 

GENERAL  TEST  CONDITIONS  DATE;  lVIO/72 


Specimen  Description 

3 .  CW  Process 

Zero  load  transfer,  2  hole,  no  CSK  Sleeve  type;  Axio'  Split 

Configuration;  Fig.  2 

Sleeve  thickness:  0,010  in. 

Width ; 

1.60  irs. 

Sleeve  orientation:  0° 

Hole  spacing;  1.50  m. 

CV/ Mandrel:  ST  5300-CftM-  12  -0-N 

Edge  margin;  0.75  in. 

CW  Mandrel  Toper;  0.045  incti/inch 

Material 

6AUV  Ti 

CW  Mandrel  Mojor  Dio.  :  0.3540  in. 

Material 

gouge;  0.250  in. 

Lubrication;  Fel  Pro  300  (,on  sU.evL!: 

Surface  Treotment  ;  Shot  peen 

Fostener ; 

None 

Hole  Preporotion 

4.  Fotigue  Conditions 

Nominal 

hole  size  :  3/8  in. 

Nut  stress:  75  ksi  max 

Process; 

Dri  1 1 ,  ream ,  C  W  & 

reom  (1/64  in.)  Test  lood:  20,100  lb 

Lood  rotlo;  (R)  0.  1 

6AI4V 

Test  Frequency:  6500/minute 

0.025  in.  interference 

Test  Loboiotory:  Materials 

75  ksi 

Test  Engineer;  D.  Reese 

Test  Mochlne:  Vibrapbore  (36 kip) 

o 

Z 

c 

Oi 

F 

*u 

<i) 

a 

CO 

Hole  No, 

Hole  Diameter 
(Inches) 

Hole  Finish 
(RHR) 

Actual  CW 
Diametrical  Expansion 
(inches) 

Retained 

Diometrical  Expansion 
(Inches) 

Cycles  to  Failure 
(Thousands) 

Origin  of  Foilure 

and 

Remarks 

Before  CW 

After  CW 

D> 

After  ream 

Before  CW 

After  CW 

After  Ream 

It 

J5 

1 

.3495 

.3645 

— 

.3730 

15 

10 

15 

.0225 

.0150 

— 

no 

=□ 

i 

2 

.3495 

.3645 

.3730 

- 

- 

.0225 

.0150 

' 

- 

IZLL 

[= 

□ 

Taken  Ql  Minimum  (midpoint) 


PHASE  I  -  TASK  2  -  OPTlMLtfA  EXPANSION  DEFINITION 

TEST  NUMBER;  _ 

NOMINAL  EXPANSION  VALUE;  o.oiein. 


GENERAL  TEST  CONDITIONS 

1.  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 
Configuration;  Fig.  2 


Width; _ t.SO  to. 

Hole  spacing:  1.60  in. 

Edge  margin:  _ a76  irc 

Material: _ 6AMV  Ti 

Material  gauge  :  0,250  in. 

Surface  Treatment;  Shot  p— n 
Fastener:  None 


DATE:  1 1/10/72 _ 

CW  Process 

Sleeve  type:  Axigl  Split _ 

Sleeve  thickness;  0.010  in. 

Sleeve  orientation;  0® 

CWMondrel;  ST  5300-C^~  12  -0 

CW  Mandrel  Toper;  0.046  inch/jrsch 
CW  Mandrel  Mojor  Dio.  ;0.3S40  in. 
Lubricorlon;  Fel  Pro  300  (on  sleeve) 


Hole  Preparation  4 

Nominal  hole  size:  3/i  in. 

Process:  Drill,  ream,  CV/  &  reom  (1/64  in.) 


6AI'4V 

0.016-in.  interference 
70ksi 


Fotigue  Conditirns 


o 

c  Z 

£  S 

u  o 

LA 


Net  stress:  70kti  m«> 

T est  lood:  20.y)O  ib _ 

Lood  rotio:  (R)  =  6.  1 

Test  Frequency:  gSOO/minute 
Test  Loborotory: 

Test  Engineer:  Riif 

Test  Mochine: 


- 1 

Hole  Diameter 

(inches) 

5 

5  . 

E 

u 

u  A 

0 

« 

4) 

L. 

0 

sA 

1*. 

< 

w 

w 

< 

.3560 

.3665 

.3730 

.3660 

.3660 

.3730 

.3660 

1 

.3666 

.3730 

.3660 

.3666 

.3730 

1 

Hole  Finish 
(RHR) 


3,1  IB 

—  — ‘  ^  C  1‘ 

_  ®  ®  V  ‘m 

E  D  U  e  O  O  u 

2  c:-  ti 

V  >  ^  rtf'  ^  ^ 


.0170 


[T^>  Tak  en  ot  Minimum  (midpoint) 


100 


PHASE  1  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER:  iik _ 

NOMINAL  EXPANSION  VALUE;  0.020  in. 


GENERAL  TEST  CONDITIONS 


DATE;  n/10/72 


1  .  Specimen  Description 


Zero  load  transfer 
Configuration : 

,  2  hole ,  no  CSK 
Fig.  2 

Width; 

1.60  in. 

Hole  spoci  ng : 

1.50  in. 

Edge  morgl  n , 

0,75  in. 

Material : 

6AP4V  Ti 

Material  gauge: 

0.250  in. 

Surface  Treatment 

:  Shot  peen 

Fastener : 

None 

3 .  CW  Process 

Sleeve  type:  Ayipl  Split 
Sleeve  thickness;  Q.QIQ  in. 

Sleeve  orientation;  0° 

CW  Mandrel :  ST  5300'C[JM-  12  - 

CW  Mondrel  Taper;  0.0A5  inch/inch 
CW  Mondrel  Major  Dio.  :0. 3530  in. 
Lubricohon;  Fel  Pro  300  (on  sTei-ve 


2  .  Hoi  e  Preparation 


4.  Fotigae  Conditions 


Nominal  hole  size;  3/8  in. 

Process;  Drill,  ream,  CW  &  ream  (1/64  in.) 


6AI  4V 

0,020  in,  iiiterfurenco 
80  ksi 


Net  stress:  80  ksi  max _ 

Test  load;  23,000  lb _ 

Lood  ratio:  ~  (R')  ~0n 

Test  Frequency:  6500/minute 

Test  Laborotory;  Materials _ 

Test  Engineer:  D.  Reese _ 

Test  Mochine:  y/ibraphore  (36  kip) 


Specimen  No. 

Hole  No. 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 

Oiometrical  Exponsion 
((rx:hes) 

Retained 

Diametrical  Expansion 
(Inches) 

Cycles  to  Failure 
(Thousonds) 

Origin  of  Failure 

and 

Remadcs 

Before  CW 

After  CW 

D> 

After  ream 

Before  CW 

After  CW 

After  Ream 

■ 

.3560 

60 

— 

30 

20 

.0160 

.0076 

58 

CW 

.3635 

.3730 

70 

35 

16 

_ 

.0160 

.0075 

■ 

■ 

■ 

CZ  ZD 

_ 

■ 

■ 

■ 

Hi 

■ 

■ 

■ 

cz  zz 

■ 

H 

■ 

■ 

■ 

Hi 

PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER:  jiK _ 

NOMINAL  EXPANSION  VALUE:  0.020  in. 


GENERAL  TEST  CONDITIONS 


DATE: 


n/10/72 


1.  Specimen  DescripHon 

Zero  load  tronsfer,  2  hole,  no  CSK 

Configuration:  Fig,  2 _ 

Width: _ 1.60  in. _ 

Hole  spocing;  1.50  in. _ 

Edge  margin:  _ Qjs  in. _ 

Material: _ 6Ah4V  Ti _ 

Material  gouge;  0.250  in. _ 

Surface  Treatment:  Shot  peen _ 

Fastener:  None 


CW  Process 


Sleeve  type:  Axlgl  Split _ 

Sleeve  thickness:  q.qiq  in. _ 

Sleeve  orientation:  _ 0° 

CW  Mandrel ;  ST  5300-C&^^- 12  ' 

CW  Mondrel  Toper:  0.045  inch/inch 
CW  Mandrel  Major  Dia.  ;  0.3530  in. 
Lubrication;  Fel  Pro  300  (on  sleevei 


Hole  Preparation  4. 

Nominal  hole  size:  3/8  in. _ 

Process.  Drill,  ream,  CW  &  reom  (1/34  in.) 


6A14V 

0.020  in,  interference 
75  ksi 


Fotigue  Conditions 

Net  stress:  75tcsimax  _ 

Test  load:  21,800  lb _ 

Lood  rotio:  (R)  ■'  0,  1 

Test  Frequency;  6600/m Inute _ 

Test  Loborotopy:  Materials _ 

Test  Engineer:  D.  Reeee _ 

TestMochlne;  Vjbraphore  (36  kip) 


Taken  at  Minimum  (midpoint) 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER:  kk _ 

NOMINAL  EXPANSION  VALUE:  0.020 in. 


GENERAL  TEST  CONDITIONS 

DATE:  11/10/72 

1 .  Specimen  Description 

3 .  CW  Process 

Zero  load  transfer, 

,  2  hole,  no  CSK 

Sleeve  type:  Axial  Split 

Configuration: 

Fig  2 

Sleeve  thickness:  0.010  in. 

Width : 

1.50  in. 

Sleeve  orientation:  0° 

Hole  spacing: 

1.50  in. 

CW  Mandrel:  ST  5300 -CBM-  12  -0-N 

Edge  margin; 

0.75  in. 

CW  Mondrel  Toper;  0.045  mch/inch 

Material ; 

6AI-4V  Ti 

CW  Mandrel  Major  Dia.  :  0.3530  in. 

Materiel  gauge: 

0.250  in. 

Lubricotlon:  Fel  Pro  300  (on  sleevui 

Surface  Treatment: 

Shot  peen 

Fastener ; 

None 

2.  Hole  Preparation 

4.  Fatigue  Conditions 

Nomirsal  hole  size 

;  3/8  in. 

Net  stress;  70ksimax 

Process:  Drill,  ream,  CW  &  reom  (1/64  in.)  Test  load:  20,200  lb _ 

Lood  ratio;  (R1  -  0.  1 
Test  Frequertcy:  6S00/minute 

Test  Laboratory:  Materials _ 

Test  Engineer:  p.  Reese _ 

Test  Mochine;  Vibraphore  136 kip) 


6AI  4V 

0  020  in.  interference 
70ksi 


Specimen  No. 

Hole  No. 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 
Diametrical  Expansion 
(Inches) 

Retoined 

Diametrical  E.xpansion 
(Inches) 

Cycles  to  Foilure 
(Thousonds) 

Origin  of  Foilure 

and 

Remorks 

Before  CW 

After  CW 

[r> 

After  reom 

3 

V 

b 

£ 

After  CW 

After  Ream 

1 

.3565 

.3635 

.3730 

60 

30 

— 

15 

.0155 

.0070 

224 

CW 

.3555 

.3635 

.3730 

75 

40 

20 

.0165 

.0080 

II 

K4 

1 

.3560 

.3655 

.3/30 

15 

10 

15 

.0170 

.0096 

196 

□ 

^1 

2 

.3560 

.3656 

.3730 

a 

a 

B 

.0170 

.0100 

Different  mandrel 
used— dia  =  .3540  in. 

i 

■ 

fl 

iBIHBB 

■ 

■ 

■ 

fl 

HHIH 

Token  at  Minimum  (midpoint) 


PHASE  1  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  m. _ _ 

NOMINAL  EXPANSION  VALUE:  o.Oi5  in. 


GENERAL  TEST  CONDITIONS 

1 .  Specimen  DescripHon 

Zero  load  transfer,  2  hole,  no  CSK 
Configurotion:  Fig.  2 


DATE:  n/10/72 

3 .  CW  Process 


Width : 

1.50  in. 

Hole  spacing; 

1 .50  in. 

Edge  margin ; 

0.75  in. 

Material : 

6AI-4V  Ti 

Moterial  gauge: 

0.250  in. 

Surface  Treatment 

:  Shot  peen 

Fostener : 

None 

Sleeve  type:  Axio'  Spl  it _ 

Sleeve  thickness:  0.010  in. 

Sleeve  orientation:  0° 

CW  Mondrel :  ST  530Q-CBM-  12~ 
CW  Mandrel  Toper:  0.045  inch/inch 
CW  Mandrel  Mojor  Dio.  ;o. 3530  in. 
Lubricotion:  Fel  Pro  300  (on  sleeve) 


Hole  Preparation 


Nominal  hole  size;  3/8  m. 

Process:  Drill,  reom ,  CW  &  ream  (1/64  in.) 


6AI-4V 

0.015-in.  interference 
70ksi 


4.  Fatigue  Conditions 

Net  stress:  70ksimdx 


Net  stress:  70ksi  max  _  _ 

Test  load:  20,200  lb _ 

Lood  rotio:  (R)  0,  1 

Test  Frequency:  6500/minute 
Test  Loborotory:  Materials 

Test  Engineer:  p,  Reese _ 

Test  MocKine:  Vibraphore  (36  kii 


Hole  Diameter 
(inches) 


Hole  Finish 
(kHR) 


5a 

< 

1 

After  ream 

_ J 

- 1 

Before  CW 

_ 1 

After  CW 

§ 

o 

i  oc 

1  2 

1  ^ 

< 

o  o  t; 
2.^  £ 

E 

0 

o 

Retail 

Diometrical 

(Inchi 

.3650 

.3730 

80 

45 

15 

.0105 

1 - 

.0035 

.3650 

.3730 

70 

45 

20 

.0105 

.0035 

.3650 

.3730 

80 

50 

10 

.0105 

.0035 

.3650  i 
_ 1 

.3730 

60 

40 

15 

.0110 

.0040 

^^9 

.3730 

50 

35 

20 

.0110 

.0040 

1 

.3650  i 

.3730 

60  1 

40 

15 

.0105 

1  .0035 

Origin  of  Foiiore 
ond 

Remarks 


Taken  at  Minimum  (midpoint) 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  iim _ 

NOMINAL  EXPANSION  VALUE:  o.OlOin. 


GENERAL  TEST  CONDITIONS 


DATE: 


n/10/72 


lecimen  Description 

3 .  CW  Process 

Zero  load  transfer, 

?  hole ,  no  CSK 

Sleeve  type:  Axial  Split 

Configuration: 

Fig.  2 

Sleeve  thickness:  O.OlOin, 

Width : 

1.50  in. 

Sleeve  orlentotion:  0° 

Hole  spacing: 

1 .50  in. 

CW  Mandrel :  ST  5360-CBM-  12 

Edge  margin: 

0.75  in. 

CW  Mandrel  Taper:  0.045  inch/inch 

Material : 

6AI-4V  Ti 

CW  Mondre!  Major  Oia.  : 0.3530 

Materiel  gauge: 

0.250  in. 

Lubrication:  Pel  Pro  300  (on  slee 

Surface  Treatment: 

Shot  peen 

Fostener : 

None 

Hole  Preparation  4 

Nominol  hole  size:  3/8  in. 

Process:  Drill,  reum,  CW  &  reom  (1/64  in.) 


6AltV 

OdO  in,  interlerence 
70ksi 


Hole  Diameter 
(inches) 


Fatigue  Conditions 

Net  stress:  70k$iiT)a)< 

Test  lood:  20,100 :b 
Load  'otio:  (R)  -  07l 

Test  Frequency:  6500/minute _ 

Test  Loborato^:  Materials _ 

Test  Engineer:  p,  Reese _ 

Test  Machine:  Vibtaplsore  (36  kip) 


u  M  rg  s< 

®  0  UJ  V* 

E  J  o  'o  o  "u 


O  O  -5 


— 

.3735 

70 

JO 

?0 

.0055 

.0010 

3735 

50 

30 

26 

.0060 

.0013 

.3735 

60 

35 

18 

.0060 

.0015 

.3735 

70 

40 

25 

.0060 

0015 

.3735 

70 

36 

15 

.0060 

,0015 

,3735 

76 

45 

20 

.0060 

.0015 

PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER;  hn _ 

NOMINAL  EXPANSION  VALUE:  0.035  in 


GENERAL  TEST  CONDITIONS 

DATE:  11/10/72 

1.  Specimen  Description 

3.  CW  Process 

Zero  load  transfer, 
Configuration: 

,  2  hole,  no  CSK 

Fig.  3 

Sleeve  type;  Axiol  Split 

Sleeve  thickness;  0.015 in. 

Width ; 

3.00  in. 

Sleeve  orientation;  0° 

Hole  spacing; 

3.00  in. 

CWMondrel;  ST  5300 -CBM-  24  -C-N 

Edge  margin; 

1,50  in. 

CW  Mondrcl  Toper:  0,045  inch/inch 

Material ; 

6AI-4V  Ti 

CW  Mandrel  Major  Dio.  :0.7140 

Material  gouge: 

0.375  in. 

Lubrication:  Fel  Pro  300  (on  sleeve) 

Surface  Treatment: 

Shot  peen 

Fastener : 

None 

2. 


Hole  Preporation 
Nominal  hole  size:  3/4  in. 


Proceis:  Drill,  ream,  CW  &  ream  (1/64  in.) 


Foh’gue  Conditions 

70  ksi  max 


Net  stress: 
T  est  lood; 


60.300  lb 


106 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER;  up _ 

NOMINAL  EXPANSION  VALUE:  0.030  in. 


GENERAL  TEST  CONDITIONS 
1 ,  Specimen  Description 


DATE;  11/10/72 
CW  Process 


Zero  lood  transfer, 

,  2  hole,  no  CSK 

Sleeve  type: 

Axial  Split 

Configuration; 

Fig.  3 

Sleeve  thickness;  0.015  in. 

Width: 

3.00  in. 

Sleeve  orientation:  0° 

Hole  spacing: 

3.00  in. 

CW  Mandrel 

;  ST  5300 -CWv\-  24 

Edge  margin; 

1.50  in. 

CW  Mondrel 

Taper:  0.045  inch/inch 

Materiol ; 

6AI-4V  Ti 

CW  Mandrel 

Major  Dio.  :0.7140 

Material  gouge; 

0.375  in. 

Lubricotion; 

Fel  Pro  300  (on  sk-e 

Surface  Treotment: 

;  Shot  peen 

Fastener : 

(>1000 

lole  Preparotion 

4  . 

Fatigue  Conditions 

Nominal  hole  size 

:  3/4  in. 

Net  stress; 

70  ksi  max 

Process;  Drill,  ream ,  CW  &  ream  (1/64  in.) 

T est  lood: 

60,200  lb 

6AI-4V 

0  030  in.  ititerferance 
70  ksi 


Test  Frequency;  4600/minutc  _ 

Test  Loborotory:  Materials _ 

Test  Engineer;  D.  Reese 

Test  Mochine:  Vibraphore  (100  kip) 


Hole  Diameter 
(Inches) 


01  2  .7145  .7295  ,7485 

II  1  .7130  .7295  .7485 

02  2  .7140  .7295  .7485 


Hole  Finish 
(RHR) 


>  (L  5^ -  “ 

_ oS 

g  1.8  2  s  u  :  8 

P  T;  C ai  .2  c  0)  _C 


U  ^  4)  »—  ^ 

<  ^  Ot  -  ^ 

E  " 

^  I 


y  o 

C  Ji 
^  U  C- 

u 


80  36  10  .0290  .0165 


.0275  .0150 


.0290  .0165 


02  2  .7140  .7296  .7485  -  -  -  o280 

II  1  .7130  .7295  .7485  90  45  16  .0290 

03  2  .7140  .7295  .7485  _  -  .0280 

Token  at  Minimum  (midpoint) 


Origin  of  Failure 
and 

Remotiss 
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PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  no _ 

NOMINAL  EXPANSION  VALUE:  0,030 in. _ 

GENERAL  TEST  CONDITIONS  DATE:  11/10/72 


1.  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 
Configuration:  Fig.  3 _ 


Width : 

3.00  In. 

Hole  spacing; 

3.00  in. 

Edge  margin ; 

1.60  in. 

Material : 

6AI-4V  Ti 

Material  gauge; 

0.376  in. 

Surfoce  Treatment 

:  Shot  peen 

Fastener : 

None 

2 .  Hole  Preparation 

Nominal  hole  size:  3/4  in. 

Process:  Drill,  ream,  C  W  (not  postreamedl 


6AI-4V 

0.030  in,  interferance 
70  ksi 


3 .  CW  Process 

Sleeve  type:  Axial  Split _ 

Sleeve  thickness;  q.qis  jn. _ _ 

Sleeve  orientation: _ 0° 

CW  Mondrel :  ST  5300-CBM-  24  -0-N 

CW  Mandrel  Toper:  0.045  ioch/inch 
CW  Mandrel  Mojor  Dia.  :  0.7140 
Lubrication;  Fel  Pro  300  (on  sleeve) 


4.  Fatigue  Conditions 

Net  stress:  70  ksi  max  _  _ 

Test  load;  60,100  lb _ _ 

Lood  rotio:  (R)  0.  I 

Test  Frequency:  4SOO/minute 

Test  Loborotory:  Materials _ 

Test  Engineer:  p.  Reese 

Test  Mo  chine:  Vibraphore  (100  kip) 


Specimen  No. 

Hole  No. 

Hole  Diometer 

(inches) 

— 

Hole  Finish 
(RHR) 

Actual  CW 
Diametrical  Expansion 
(irKhes) 

Retained 

Diametrical  Expansion 
(Inches) 

Cycles  to  Failure 
(Thousarsds) 

Origin  of  Failure 

and 

Remadcs 

Before  CW 

After  CW 

[i> 

After  ream 

Before  CW 

U 

u 

< 

After  Reom 

II 

04 

1 

.7140 

.7290 

- 

20 

16 

. 

.0290 

.0150 

95 

CW 

2 

.7140 

.7290 

. 

- 

25 

20 

.0290 

.0160 

II 

06 

1 

.7140 

.7290 

- 

25 

20 

.0290 

.0150 

95 

1 

'  1  ^  i 

1  “  4 

2 

.7140 

.7290 

- 

25 

20 

- 

.0290 

0150 

CW 

.  li-J' 

Taken  at  Minimum  (midpoint) 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  _ yp _ 

NOMINAL  EXPANSION  VALUE;  o.o;s  _ 

GENERAL  TEST  CONDITIONS  DATE:  ii/in/7r) 


Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 


Configurotion: 

Fig.  3 

Width  : 

3.00  in. 

Hole  spocing : 

3.00  in. 

Edge  margin; 

1.50  in. 

Material : 

6AI-4V  Ti 

Material  gauge; 

0.375  in. 

Surface  Treatment:  Shot  peert 

Fastenei  : 

None 

Hole  Preparation 

Nominal  hole  size:  3/4  in. 

Process:  Drill, 

ream,  CW  &  ream  (' 

6AI4V 

0.025  in  inlerterence 
70ksi 


Hole  Diameter 
(Inches) 


Hole  Finish 
(RHR) 


DATE:  11/10/72 _ 

CW  Process 

Sleeve  type:  Axiol  Split 

Sleeve  thickness:  Q.OIS  in.  (thin  out  .001  in.) 

Sleeve  orientation:  0° 

CW  Mandrel:  ST  5300~CBM-  24  -0-N 

CW  Mandrel  Toper:  0.045  in^^~ 

CW  Mandrel  Major  Dio  ,  ;q  in 
Lubricot  ion:  Fel  Pro  300  (on  sleeve  1 


4.  Fatigue  Conditions 

Net  stress;  70  ksi  max 

t.)  Testlood:  60.300  Ih 

Load  ratio;  (R)  0,  1 

Test  Frequency :'4soo/n,inuu 

Test  Loborotory:  Materials 
Test  Engineer;  p,  Reete 

Test  Mochine:  Vihrar^hnrp 


c 

I 

V  ir 

<  « 

E 


Origin  of  Foilure 
and 

Remarks 


1  .7190  .7306  .  7485  00  35  20  .0230  0116 

2  .7105  .7305  .7486  _  -  -  .0235  .0120 

1  .7185  .7306  .7486  -  -  -  .0236  .0120 

2  .7190  .7305  .7485  _  _  _  .0230  .0115 

’  .7190  .7305  .7485  80-'  36  20  .0230  .0115 


.7305  .7485 


Taken  at  Minimum  (midpoint) 


.0236  .0120 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER;  _ up 

NOMINAL  EXPANSION  VALUE;  0.020 in. 


GENERAL  TEST  CONDITIONS 


DATE:  11/10/72 


1.  Specimen  Description  3. 

Zero  lood  transfer,  2  hole,  no  CSK 
Configuration;  Fig.  3 

Width;  _ _ 3.00  in, _ 

Hole  spacing;  3.00  in. _ 

Edge  margin:  l.SO  in, _ 

Material;  _ 6AI-4V  Tl _ 

Moterlal  gauge  ;  p  375  jp. _ 

Surface  Treatment;  _ 

Fastener;  None 


2.  Hole  Preparation  4. 


CW  Process 

Sleeve  type;  Axlgl  Split _ 

Sleeve  thickness;  0.OIS  in.  _ 

Sleeve  orientation;  0° 

CW  Mandrel ;  ST  5300 -CBhT-""^  -0-N 
CW  Mondrel  Toper:  0.045  irrch/inch 
CW  Mandrel  Major  Dio.  :  0,7140  in, 
Lubricotion;  Fel  Pro  300~(  on  sleeve) 


Fatigue  Conditions 


Nominol  hole  size;  3/4  in. 

Process;  Drill,  ream,  CW  &  ream  (1/64  in.) 


6AI-4V 

0.020  m.  inletfeience 
70ksi 


Net  stress; 

Test  lood:  60.1001b _ 

Load  rotio:  (R)  ~  OTl 

Test  Frequency:  4600/minute 


70  kti  max 


Test  Loborotory:  Matyi^it  _ 

Test  Engineer:  . 

Test  Mochlne:  Vibraphore  1100  kip) 


Specimen  No. 

Hole  No, 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 
Oiometrical  Expansion 
(IrKhes) 

Retained 

Diametrical  Expansion 
(Inches) 

Cycles  to  Failure 
(Thousands) 

Origin  of  Failure 

and 

Remarks 

Before  CW 

After  CW 

[i> 

E 

0 

4) 

w. 

< 

Before  CW 

After  CW 

After  Ream 

D 

.7235 

.7315 

.7485 

8 

5 

.0186 

.0080 

25 

Imi 

2 

.7240 

.7316 

.7485 

B 

B 

■ 

.0180 

,0076 

— 

II 

Q 

2 

.7315 

.7485 

B 

B 

B 

.0185 

.0080 

47 

□ 

Ik  1 1 

2 

.7240 

.7315 

.7486 

B 

B 

B 

.0180 

.0075 

II 

Q 

3 

B 

.7235 

.7315 

.7485 

8 

B 

20 

.0185 

.0080 

44 

_ 1 _  1 

2 

.7240 

.7315 

.7485 

B 

B 

B 

.0180 

.0075 

specimen  No, 


Hole  Diameter 
(Inches) 


3  A 

S/ni 


Hole  Fini^ 
(RHR) 


Taken  at  Minimum  (midpoint) 


O  p-y 


Origin  of  Failure 


Remains 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  IIS _ 

NOMINAL  EXPANSION  VALUE:  0.025  m. 

GENERAL  TEST  CONDITIONS  DATE:  12/7/72 


1.  Specimen  Descripfion 


Zero  lood  transfer,  2  hole,  no  CSK 
Configuration:  Fig  2 


Width: 

1.50  in. 

Hole  spacing: 

1.50  in. 

Edge  margin: 

0.75  in. 

Material:  300  M  steel 

Material  gauge: 

0.250  in, 

Surface  Treatment 

Shot  peen 

Fastener : 

None 

Hole  Preparation 

Nominal  hole  size 

:  3/8  in. 

Process:  Drill,  ream,  CW  &  ream  {1/64  in.) 


300M 

0.025  in.  interference 
110  ksl 


Edges  cupped  on  fracture  surface  from  effect 
of  shot  peen:  hole  edges  similar 


3 .  CW  Process 

Sleeve  type:  None  used _ 

Sleeve  thickness: 

Sleeve  orientation:  - 

CW  Mandrel ;  Push  (design  per  BAG  5972) 
CW  Mandrel  Taper:  0.030  in. /in. 

CW  Mondrel  Major  Dio.  :  0  3580 
Lubrication:  Fel  Pro  300 


Fatigue  Conditions 

Net  stress:  llOksimax 
Test  load;  31~400  lb 
Lood  rotio;  =  0.  1 

Test  Frequency:  7000/min 

Test  Laboratory:  Materials _ 

Test  Engineer:  p,  Reese _ 

Test  Machine:  _ Vibraphore  (36  kip) 


Specimen  No. 

6 

z 

*0 

X 

Hole  Diometer 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 
Diametrical  Expansion 
(Inches) 

Retcined 

Diametricol  Exponsion 
(Inches) 

2 

£  § 

V.  0 

- 

u  d. 

U 

Origin  of  Failure 

and 

Remarks 

U 

V 

w 

vS 

Ji 

After  CW 

D> 

After  ream 

Before  CW 

After  CW 

After  Ream 

II 

SI 

1 

0.3335 

0.3505 

0.3725 

90 

75 

20 

0.0245 

0.0170 

253 

□ 

$ 

0 

A 

2 

03335 

0.3505 

0.3725 

- 

- 

- 

0.0245 

0.0170 

1 

CW 

1! 

S2 

1 

0.3330 

0.3505 

0.3725 

85 

70 

25 

0.0250 

0.0170 

249 

_ 1 _ 

rzn 

'  I 

CW 

2 

0.3335 

0.3505 

0.3725 

- 

- 

- 

0.0245 

0.0170 

II 

S3 

1 

0.3335 

0.35U5 

0.3730 

90 

75 

60 

0  0245 

0.0170 

135 

_ 1 _ 

□ 

T 

1  1 

CW 

Hole  not  cleaned  up 

2 

0.3335 

0.3510 

0.3725 

- 

00245 

0.0175 

Token  at  Minimum  (midpoint) 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER:  usA _ 

NOMINAL  EXPANSION  VALUE:  0Q2l  in 


GENERAL  TEST  CONDITIONS 

1 .  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 
Configuration:  Fig  2 

Width:  t  50  in _ 

Hole  spacing:  1.50  m. 

Edge  margin:  o.75  m 

Materiol:  300  M  steel _ 

Material  gauge;  0  250 
Surface  Treatment;  Shot  peen 
Fastener:  None 


DAT  E :  1  1/27/72 _ 

3 .  CW  Process 

Sleeve  type:  None  used _ 

Sleeve  thickness: 

Sleeve  orientation; 

CW  Mandrel :  Push  (design  per  BAC  5972) 
CW  Mondrel  Toper:  0,045  in. /in. 

CW  Mandrel  Mojor  Dio.  ;  0  3580 
Lubricotion:  Fel  Pro  300 


2.  Hole  Preparation  4. 

Nominal  hole  size:  3  8  in. 

Process;  Drill,  ream,  CW  &  ream  (1/64  in.) 


Fatigue  Conditions 


Net  stress: 
T est  lood : 
Load  ratio: 


1 10  ksi  max 
31,3001b 


Test  Frequency:  4000/min _ 

Test  Laboratory:  Materials _ 

Test  Engineer:  p.  Reese _ 

Test  Mochine:  ^Sbraphore  (100  kip) 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER;  ii  SB _ 

NOMINAL  EXPANSION  VALUE:  0.023  m 


GENERAL  TEST  CONDITIONS 


DATE;  11,27/72 


Specimen  Description 

Zero  lood  transfer,  2  hole,  no  CSK 
Configuration:  Fig  2 

Width;  1.50  in _ 

Hole  spacing;  1.50  m _ 

Edge  morgin:  0.75  m, _ 

Matoriol :  3OO  M  steel _ 

Material  gauge;  p  250  m _ 

Surface  Treotment:  Shot  pcen _ 

Fastener;  None 


CW  Process 


Sleeve  type:  None  used _ 

Sleeve  thickness: 

Sleeve  orientation: 

CW  Mondrel  :  Push  (design  per  BAG  59721 
CW  Mondrel  Taper:  0.045  in, /in. 

CW  Mandrel  Major  Dio.  :  0.3580 
Lubrication:  Fel  Pro  300 


Hole  Preparation  4. 

Nominal  hole  size;  3  8  in 

Process;  Drill,  ream,  CW  &  ream  (1/64  in.) 


300M 

0.023  in.  interference 
1 10  ksi 


Fatigue  Conditions 

Net  stress;  llOksimax 

Test  load:  31.300  ib _ 

Load  rotio:  (R)  =0,1 

Test  Frequency;  4000/min _ 

Test  Laborotory:  Materials _ 

Test  Engineer;  p,  Reese _ 

Test  Mochine;  Vibraphore  136  kip) 


ii'ri.  ji,MlliLiuiiiniiitjlLiii  ■  iili  liJUiiiUii  iiiL  i-Mlyli ,  J 1 


men  No 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER;  _iiiT _ 

NOMINAL  EXPANSION  VALUE;  0,020 


GENERAL  TEST  CONDITIONS 

I  .  Specimen  Description  ' 

Zero  load  transfer,  2  liole,  no  CSK 
Configuration;  Fiy  2 
Width:  1.50  m 

Hole  spocing;  1  50  in. 

Edge  margin:  0.75iti 

Material:  300  M  sieoi 
Material  gauge;  0.250  in. 

Surface  Treatment :  Shot  peen 
Fuitener :  None 

2.  Hole  Prepoiation  4 

Nominol  hole  size;  3/8  in. 

Process:  Diill,  ream,  CW  &  ream  (1/64  iir. 

300M 

0.020  HI.  mtei (ei ence 
llOksi 

Fdilure  lhIjus  HUMiK.eci  fuui'  ihul  (lec'n  effect 


DATE:  12/7/72 _ 

CW  Process 

Sleeve  type:  None  used _ 

Sleeve  thickness: 

Sleeve  orientation:  - 

CW  Mondrel :  Push  (design  per  BAG  5'J/2) 

CW  Mondrel  Toper;  0,030  in. .On. 

CW  Mondrel  Mojor  Dio.  :  0.3580 
Lubrication:  Fel  Pro  300 


Fotigue  Conditions 

Net  stress;  llOksimax 

T est  load:  31  400  ib _ 

Lood  ratio:  (R)  ■  0,  1 

Test  Frequency:  600Q/4000/ntin 
Test  Loborot07:  Materials 
Test  Engineer:  p 

Test  Machine:  _ Vibraphuie  (36  &  100  kuii 


Hole  Diameter 
(inches) 


Hole  Finish 
(RHR) 


Before  CW 

After  CW 

After  Ream 

60 

50 

15 

K5 

'e'p  o 


0  0190 


60  50  20  0.0190  0  0120 


0.0190  0  0120 


15  00190  00120 


0.0190  00120 


Origin  of  Failure 
and 

Remarks 


\^Z-'  Taken  at  Minimum  (midptoint) 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER: 


II  u 


nominal  EXPANSION  VALUE:  ooism. 


GENERAL  TEST  CONDITIONS 

1,  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 

Configurotion:  Fig.  2 _ 

Width:  V50  in. _ 

Hole  spacing:  1,50  in. 

Edge  margin:  C.75in, 

Material:  300  M  steel 


Material  gauge;  0,250  in. 
Surface  Treatment;  Shot  peen 
Fastener : 


None 


DATE;  12/7/72 


3 .  CW  Process 


Sleeve  type:  None  used 

Sleeve  thickness: 


Sleeve  orientation:  - 

CW  Mandrel :  Push  (design  per  BAC  5972) 

CW  Mandrel  Taper;  0.030  in. /in, 


CW  Mondrel  Mojor  Dio.  :  0.3580 
Lubrication:  Fel  Pro  300 


2 .  Hole  Preporation 

Nominol  hole  size:  3/8  m. 


4.  Fotigue  Conditions 


Process:  Drill,  ream,  C W  &  ream  ( 1/64  in.) 


Failure  edges  corniced  from  shot  peen  effect 


Net  stress:  llOksimax 


Testlood:  31,400  Ib 
Load  rotio:  (R]  -  0,  1 


Test  Frequency :  7000/4000/min 

Test  Laborotory:  Materials 

Test  Engineer;  D.  Reese 


Test  Machine;  Vibraphore  (36  &  100  kip) 


o 

Z 

c 

4> 

E 

'G 

8. 

un 


o 

Z 


o 

X 


Hole  Diameter 
(inches) 


u 

41 

o 


E 

o 

a 


Hole  Finish 
(RHR) 


u 

S 

3 

cS 


u 

w 

4) 

£ 

< 


4} 

QC 

w 

V 

£ 

< 


A 

u.i'j 

X 


0  O  y 

2. ye 

y  i'- 

<  V 

E 

o 

o 


'■8 

c  _ 

l.?1 

E 
o 


lA 


>2  1 
£  § 
i| 

U  w 

u 


Origin  of  Failure 
and 

Remarks 


II 

U1 


0.3435 


0.3515 


0,3730 


85 


70 


25 


0.0145 


0.0080 


100 


0.3435 


03515 


03730 


0.0145 


0  0080 


36  kip  machine 


U2 


0.3435 


0.3515 


03725 


85 


70 


20 


00145 


0.0080 


52 


0.3435 


0.3515 


0.3725 


0.0145 


0.0080 


-id 


3t 


36  kip  machine 


U3 


0.3435 


0.3515 


0.3730 


90 


75 


15 


0.0145 


0.0080 


55 


0.3430 


0.3515  0 


3730 


0  0150 


0  0085 


3t 


36  &  100  kip 
machine 


Taken  ot  Minimum  (midpoint) 


116 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER:  iiv _ 

NOMINAL  EXPANSION  VALUE;  0010  in. 


GENERAL  TEST  CONDITIONS 


DATE:  12/7/72 


I.  Specimen  Deicriptlon 

Zero  lood  transfer,  2  hole,  no  CSK 
Configuration:  Fig.  3 

Width:  1.50  in. 

Hole  spacing;  1.50  in. _ 

Edge  morgin;  0.75  in 
Material ;  300  M  sieel 

Material  gauge:  0  2S0  in. 

Surfac ?  Treatment ;  Shot  peen 
Fostener:  None 


3 .  CW  Process 

Sleeve  type:  None  used 

Sleeve  thickness; 

Sleeve  orientation: 

CW  Mondrel ;  Push  (design  per  BAG  5972) 
CW  Mandrel  Taper;  0.030  in. /in. 

CW  Mandrel  Mojor  Dio.  ;  0.3580 
Lubrication:  Fel  Pro  300 


2.  Hole  Preparofion  4. 

Nominal  hole  size:  3/8  in 

Process:  Drill,  ream,  CW  &  ream  (1/64  in.) 


300M 

0.010  in.  interference 
llOksi 


Failure  edges  corniced  from  shot  peen 


Fotigue  Conditions 

Net  stress;  llOksi  i^ax 


Test  load:  31,4001b 


Lood  rotio:  (R) 

^  0.  1 

T est  Frequency; 

6500/min 

Test  Laboratory; 

Materials 

Test  Engineer; 

D.  Reese 

Test  t.'  ichine: 

Vibraphore  (36  kip) 

Specimen  No.  | 

Hole  No. 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 
Diametrical  Expansion 
(irKhes) 

Retoined 

Oiametiica!  Exponsion 
(inches) 

Cycles  to  Failure 
(Thousands) 

Origin  of  Failure 

and 

Remarks 

Before  CW 

< 

- 1 

E 

0 

4) 

k, 

< 

1 

Before  CW 

After  CW 

After  Ream 

II 

VI 

1 

0.3480 

0.3525 

0.3725 

35 

30 

20 

0.0 1 00 

0.0045 

37 

r~Ti-i , 

L  W 

2 

0.3480 

0.3525 

0.3725 

■ 

■ 

■ 

0.0100 

0.0045 

II 

V2 

n 

0.3495 

03525 

0.3725 

30 

25 

25 

0.0085 

- 

0.0030 

--  -  —  j 

33 

d] 

~f-? - 1 

-r— 1  f 

2 

0.34<15 

0.Cj25 

0.3725 

■ 

■ 

B 

0.0085 

0.0030 

t/ W 

Holfi  edge  corniced  one  side 

II 

V3 

■ 

0.3490 

30 

25 

40 

0.0090 

0  0040 

33 

LJ 

TOt  1 

2 

0.3495 

0.3525 

0.3725 

■ 

■ 

B 

0.0085 

0.0030 

Token  at  Minimum  (midpoint)  117 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER:  ii  w _ 

NOMINAL  EXPANSION  VALUE;  0035  in 

GENERAL  TEST  CONDITIONS  DATE; 


Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 
‘Configuration;  Fig.  3 

Width:  3,00  in. _ 

Hole  spacing:  3.00  in. 

Edge  margin;  l.50in. 

Materiol :  300  M  steel _ 

Material  gauge :  0.375  in. 

Surface  Treatment:  Shot  peen 
Fastener;  None 


DATE;  12/7/72 _ 

3 .  CW  Process 

Sleeve  type:  None  used _ 

Sleeve  thickness: 

Sleeve  orientation; - 

CVV  Mandrel ;  Push  (design  per  BAG  5972) 

CW  Mandrel  Taper:  0.030  in. /in. 

CW  Mandrel  Major  Dia. :  0.7280 
Lubricotlon:  Fel  Pro  300 


Hole  Preporation  4 . 

Nomlnol  hole  size:  3/4  in. 

Process;  Drill,  ream,  CW  &  ream  (1/64  in.) 


300 (VI 

0.035  in.  ii'.teflerence 
110  ksi 


Fatigue  Conditions 

Net  stress :  1 10  ksi  max 

Test  lood:  93,600  ib 

Lood  ratio;  (R^  ~  071 

Test  Frequency:  5000/min  ~ 

Test  Laboratory;  Iviaterials 

Tost  Engineer:  D.  Reese 

Test  Machine:  Vibraphore  (100  kip) 


c 

E  ± 

o  o 

S. 

»/> 


Hole  Diameter 
(inches) 


Hole  Finish 
(RHR) 


lA 

E 

o 

S 

< 

0.7140 

0.7495 

0  7140 

0.7495 

0.7140 

0.7495 

0.7140 

0.7495 

0  7140 

0.7495 

c 

r-  O  O-y 

U  £  <  T5 

w  w  e 

«  4)  O 

5  I  s 


35  30  10  0.0360  0  0220 


0.0355  0.0215 


II  1  0,6920  0.7140  0.7495  30  25  15  0.0360  0.0220 

VV2  2  0.6925  0.7140  0.7495  -  0.0355  0  0215 

II  1  0.6920  0  7140  0.7495  40  35  10  I  0.0360  10.0220 


W3  2  10.6925  I 


0.0355  0  0215 


Taken  at  Mittimum  (midpoint) 


Origin  of  Failure 
and 

Remarks 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 

TEST  NUMBER:  ii  X _ 

NOMINAL  EXPANSION  VALUE:  0030 m. _ 


GENERAL  TEST  CONDITIONS 

1.  Specimen  Description  3. 

Zero  load  transfer,  2  hole,  no  CSK 

Configuration;  ^'9  3 _ 

Width:  3.00  in. _ 

Hole  spacing;  3.00  in,  _ _ 

Edge  margin:  1 .50  in.  _ _ 

Moteriol;  300  M  steel _ _ 

Material  gouge:  0.375  in. _ 

Surface  Treatment:  Shot  peen 
Fastener:  None _ 

2.  Hole  Preparation  • 

Nominal  liole  size:  3/4  m. _ 

Process;  Drill  ,  ream,  CW  &  ream  (1/64  in.) 


300M 

0.030  in,  interference 
IlOksi 


DATE;  12/7/72 _ _ 

CW  Process 

Sleeve  type:  Nona  u»d  _ 

Sleeve  thickness;  _ _ 

Sleeve  orientation;  -  _ 

CW  Mondrcl ;  Push  (dUgn  per  BAG  5972) 
CW  Mandrel  Taper:  0,030  in. /in.  _ 

CW  Mandrel  Major  Dig. :  0-7286 
Lubrication:  Eel  Pro  300 


Fotigue  Conditions 

Net  stress;  1 10  ksi _ _  _ 

Test  load:  93,500  ib _ 

Load  rotio:  ~  (R)  ~  0»  I  _ 

Test  Frequency:  5000/min _ 

Test  Loborotory:  Materials _ 

Test  Engineer:  0.  Reese  _ 

Test  Mochine:  Vibraohore  (100  kip) 


Hole  Finish 
(RHR) 


c 

•>  s. 

s  111 

^  <.  4; 

o 

5  5 


40  35  10  0.0295 


Origin  of  Foilure 


0  /495  40  35  16  0.0295 


35  30  15  0,0295 


Token  at  Minitnum  (midpoint) 


PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER;  li  V _ 

NOMINAL  EXPANSION  VALUE:  0.025  in. 

GENERAL  TEST  CONDITIONS  DATE;  12/7/72 


1,  Specimen  Description  3. 

Zero  load  transfer,  2  hole,  no  CSK 
Configurotlon:  Fig  3 

Width:  3.00  in. _ 

Hole  spacing ;  3  00  in 
Edge  margin;  i  50  in. 

Mote  rial:  300  M  steel 
Material  gauge;  0.375  in. 

Surfoce  Treotment:  Shot  peen 
Fastener:  None 


2.  Hole  Preparation  4. 

N.omlnal  hole  size:  S/'l  in. 

Process;  Drill,  ream,  CW  &  ream  (1/64  in.) 


300M 

0.025  in.  interference 
110  ksi 


CW  Process 

Sleeve  type:  None  used 

Sleeve  thickness; 

Sleeve  orientotion:  - 

CW  Mondrel ;  Push  (desigrt  per  BAC  5972) 

CW  Mandrel  Taper:  o.03o in./in. 

CW  Mondrel  Major  Dio.  :  0.7280 
Lobricotion:  Fel  Pro  300 


Fatigue  Conditions 

Net  stress;  110 ksi  max 

Test  lood:  93,400  lb _ 

Load  rotio:  (R)  -  0.  1 

Test  Frequency:  6000/min 

Test  Loborptory:  Materials _ 

Test  Ersgineer:  p,  Reese _ 

Test  Machine:  vibraphore  <100  kip) 


Specimen  No, 

Hole  No. 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 

Diametrical  Expansion 
(IrKhes) 

Retained 

Diametrical  Expansion 
(Inches) 

Cycles  to  Failure 
CThousorKis) 

Origin  of  Failure 

and 

Remodcs 

, 

Before  CW 

After  CW 

D> 

After  ream 

Before  CW 

After  CW 

After  Ream 

II 

Y1 

■ 

0.7025 

0.7170 

0,7496 

50 

46 

10 

0.0255 

0.0135 

36 

1 ) 

'  c/w 

2 

0.7040 

0.7165 

0.7495 

B 

B 

B 

0.0240 

0,0125 

II 

Y2 

1 

0.7020 

0.7165 

0.7495 

45 

40 

15 

_ _ ^ 

00260 

0.0145 

39 

1 

snssn 

2 

0.7040 

0.7170 

0.7495 

B 

B 

B 

0.0240 

0.0130 

II 

Y3 

1 

0.7035 

0.7170 

0.7495 

10 

0.0245 

0.0135 

31 

BSSH 

2 

0,7025 

0.7170 

0  7495 

B 

B 

B 

00255 

0,0145 

'  C/W 

PHASE  I  -  TASK  2  -  OPTIMUM  EXPANSION  DEFINITION 


TEST  NUMBER:  ii  z _ 

NOMINAL  EXPANSION  VALUE:  00 _ 

GENERAL  TEST  CONDITIONS  DATE;  ’2/7/72 


1 .  Specimen  Description 

Zero  load  tronsfer,  2  hole,  no  CSK 
Configuration;  Fig.  3 
Width;  3.00  in. 

Hole  spacing:  3.00  in, _ 

Edge  margin:  1.50  in, _ 

Moterial:  300  M  steel _ 

Material  gauge:  0,375  in. _ 

Surface  Treatment;  shot  peen _ 

Fastener:  None 


2.  Hole  Preparation  4, 

Nomirsal  hole  size;  3/4  in. 

Process:  Dri  1 1 ,  ream,  CW  &  ream  (1/64  in.) 


300M 

0.020  •in.  mierference 
llOksi 


3 .  CW  Process 

Sleeve  type:  None  used 

Sleeve  thickness;  - _ 

Sleeve  orientotion;  - 
CW  Mondrel :  Push  (design  per  BAC  5972) 
CW  Mandrel  Toper;  0.030  in./m. 

CW  Mandrel  Mojor  Dio,  ;  0.7280 
Lubrication;  Fel  Pro  300 


Fatigue  Conditions 

Net  stress:  1 10  ksi  max 
Test  lood:  93,500  lb 

Lood  rotio;  (R)  '  0,  ) _ 

Test  Frequency:  5000/min _ 

Test  Loborotory:  Materials 

Test  Engineer:  p,  Reese _ 

Test  Mochine:  Vibraphore  (100  kip) 


Specimen  No. 

Hole  No. 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 
Diametrical  Expansion 
(Inches) 

Refained 

Oiometrical  Expansion 
(Inches) 

V 

Ii 

2  a 

Wf  0 

K 

u 

Origin  of  Failure 

and 

Remarks 

Before  CW 

After  CW 

D> 

After  ream 

Before  CW 

_ 

After  CW 

After  Ream 

II 

Z1 

B 

0.7080 

0.7175 

0,/4g5 

40 

35 

10 

0.0200 

0.0095 

32 

OtilD  1 

1  t/iv 

2 

0.7080 

0.7175 

0  7495 

B 

B 

B 

0.0200 

0.0095 

II 

Z2 

B 

0.7080 

0.7180 

0.7495 

40 

35 

10 

0.0200 

0.0100 

64 

CZ+O  1 

'  L'/W 

2 

0.7080 

0.7180 

0.7495 

B 

B 

B 

0,0200 

0.0100 

II 

Z3 

B 

0.7080 

0  7175 

0.7495 

35 

30 

10 

0.0200 

0.0095 

44 

1  iU"-)  t 

1  c/vv 

2 

0  7080 

0.7175 

0.7495 

B 

B 

B 

0.0200 

0.0095 

Taken  ot  Minimum  (midpoint)  12 


Does  not  include  allowance  for  mandrel  diameter  decrease  or  sleeve  thinout 


Does  not  include  allowance  for  mand'el  diameter  decrease  or  sleeve  thinout 


Does  not  include  allowance  for  mandrel  diameter  decrease  or  sleeve  thrnout 


Does  not  inc'.ode  allowance  for  mandrel  diameter  decrease  or  sleeve  thinoot 


PHASE  I  -TASK  3-COLDWORK  PROCESS  EOR  STEEL 


Does  no(  include  allowance  for  mandrel  diameter  decrease  or  sleeve  thinoul 


129 


Does  not  include  allowance  for  mandrel  diameter  decrease  or  sleeve  thinout 


PHASE  I  -TASK  3-COLDWORK  PROCESS  FOR  STEEL 


-an 


^  Does  not  include  allowance  for  mandrel  diameter  decrease  or  sleeve  thinout 


by  nofnuiuin^  a(  I  *()<?' K.  oil  qurnthm/t  F_»r>d  tempering  it  ^Hi'F  ) 


Btr 

1  ensile 

Yifld 

KeJuciion 

Ditmetfi 

Stfcn^ih 

S'lenoh 

rionxaiu'n 

of  Af« 

imho 

p" 

psi 

<;  In  2  ' 

‘Tf 

1 

"igfinnA 

9.5 

34  1 

) 

;filooo 

: \6noo 

9 

5<'» 

WfiOOO 

261000 

’.3 

22  3 

*  ii««<  treated  m  ^ill 

tinn 

I 


TabU  5— lil’ir.CT  Ol-  MASS  ON  IMPACT  PUOPnUTIllS* 
lIU'.ii  iUMKsI  I'V  ai  KiMl  I',  tul  i|u»mhiiin  IS'S"!'.  .iml  iimiiftin*  ji  6011  I'.i 


Bar 

liod  Imnact 

Chirpy  Impact 

Dumetet 

ft.  lbs. 

V  Nofch,  ff.  IKs 

inches 

it  3  70“  F 

t  70“  F. 

•  )0F. 

1 

23 

19 

) 

1) 

10 

14 

iU 

12 

0 

7 

Hfit  IICAIIsi 

in  lull  section 

Tabla  6  — 

NOTCH  l  ENSIl.E  TESrS 

squ*iTfs,_oil  quenched  and  tenq^mi  ut  6110  ! 

H.) 

0.3"  Diameter 

0.)  '  Diamerer 

K  laiMi  ~  1(1 

b)0>*iruilin.ii 

3201100 

27)000 

Transverse 

31)000 

24)000 

K  (actor  ) 

Lonqiruklinj] 

34)000 

307(K)0 

TfjnsvefMf 

31200(1 

312000 

K  laitof .  ^ 

Lon^itustiiul 

3!f)()00 

3)HOOO 

Tfainivette 

38)000 

35)000 

(Strc'%  coiKrntrjiion  "K"  faaots  wew  varied  by  connol  of  nunh  root  radiuv.  The  fatinr  hit  the  sharp  nnrrh — less  ihan 
0.001"  radius — is  10, 


TabI*  7  — T  YPICAI.  MECTIANICAI.  PROPERTIES  — CAST 
(C.56C  sand  cast  keel  blocks  I"  *  1"  x  6") 


Tensile  strength,  psi 
Yield  strength,  psi  (0.19k) 

F.lonpaiion,  9k  in  2" 

Reduction  of  area,  91 

Chirpy  impact,  ft.  lbs.  ( V-no(th )  R.  T. 

0*F. 
.50*F. 
•  lOO'F. 


Heat  Treat  A 

Hear  Treat  B 

'‘■‘2)7)00. 

262000 

221250 

221750 

).8 

5.9 

10.6 

10.8 

10.) 

n 

10 

10 

to 

8 

B 

8 

Heal  Treat  A — Ausieniiiied  at  I6)0*F.  (or  one  hour, 
transferred  to  a  furnace  at  n)0*F.,  held  at  13^0°F. 
for  30  minutes,  quenched  in  oil  and  double  tem¬ 
pered  at  600*F.  for  6  hours. 


Heat  Treat  B — Ausitniiiml  at  I69()”F.  for  one  hour, 
transferred  to  a  furnace  at  1  }50°F.,  held  at  500’F. 
for  9  minutes,  air  cooled,  double  tempered  at 
6()0*F.  for  6  hours. 


Hoot  Tf  otiwiit! 

OtmcAL  POINTS;  Ac,  1400*F.  At,  650*F. 

At,  1480*F.  Ar,,  785*F. 

(400*F.''hr.  heatinx  and  cooling  rate) 

AN.'ir.sLING:  Heat  to  about  I4J0’F.  and  equalire,  cool  10'  F.  ' 
hr.  to  1200*F.,  20*F..'hr.  to  900’F.  and  air  cool  for  241 
Brinell  mavimum.  (Prcxluccs  a  spheroidized  structure.) 
Normalizing:  Heat  to  about  1"00*F.,  air  cool.  Recharge  in 
(urruce  before  reaching  room  temperature. 

H.'RDENING:  Heat  to  about  1600''F..  quench  in  oil,  temper 
at  )00-600*F.  Double  tempering  is  advisable, 
fit  is  not  recommended  for  any  other  tempering  tempera¬ 
ture.  This  range  produces  maximum  yield  strength  and 
maximum  impact  strength  simultaneously.  Tempering  on 
either  side  of  rhe  recommended  range  results  in  a  serious 
deterioration  of  mechanical  properties.) 

MochlnabilHyi 

.Machinability  rating  of  annealed  material  is  4)9k  n(  cold- 
rolled  BI112  screw  machine  stock.  Can  be  machined  without 
dithculry  up  to  2)0  Brinell.  A  partially  sphernidired  strucnire 
obtained  by  normalizing  and  drawing  at  1200  deg.  F.  is  best 
for  optimum  machinability, 

High  sKed  steel  cutting  tools  should  be  ground  to  8-12  deg. 
side  raae,  (>-IO  deg.  back  rake,  7-9  deg.  side  relief,  7-9  deg. 
end  relief,  8-12  deg,  end  curiing  cdge  angle,  about  1)  deg. 
side  rutting  edge  angle,  and  a  nose  radius  of  about  109^  of 
depth  of  tut.  Sintered  carbiile  cutting  tools  should  he  ground 
to  4  H  deg.  side  rake,  0-10  deg.  back  rake,  6-10  deg.  side 
relief,  fi  12  deg.  end  relief,  .S-I.l  deg.  end  curtingedge  angle, 
O-  .’O  deg.  si.lc  (uttingedge  angle,  and  a  nose  radius  equ.il 
to  I  32  inch. 

Mt'hen  m.iihining  irnck  .u  iund  2(KI  Ilrincll  hardness  with  high 
spted  steel  cutting  tools  use  cutting  speeds  of  70  sfpm  with 
feed  of  ii.nfio  in  rev.  and  depth  of  cut  of  I  '32  inch;;  120 
sfpm  with  feed  of  0  01)  in.  rev.  and  depth  of  cut  of  t/32 
inch,  fiO  sfpm  with  feed  of  0030  In.  rev.  and  I  '4  Inch  depth 
Ilf  cut.  With  sintered  carbide  culling  iiiols  use  curling  speeds 
of  2Ml  sfpm  with  feed  of  0,060  In.  rev.  an  d  depth  of  cut  of 
I  S2  inch,  470  sfpm  with  feed  of  0.01)  In.  rev,  and  depth 
of  cut  n(  I  12  inch  20)  sfpm  with  feed  of  0.0 (ft  in, 'rev, 
amt  depih  of  rut  of  I  4  inch. 

ManufRcturtri 


Workability: 

Forge  at  I9)0.220O''F.  and  allnsv  to  cool  in  air  in  a  dry 
place.  Forging  should  ooi  be  continued  below  t700*F. 

WoMobility: 

Gcxsd  welding  characteristics.  On  be  readily  gas  or  arc  welded. 
Welding  rod  of  the  same  composition  shall  be  used.  In  ate 
welding  use  a  coated  welding  rod.  The  retarded  grain  growih 
during  welding  minimizes  the  normal  ill-effects  produced  by 
grain  coarsening.  As  the  sieel  has  ait  hardening  properties  the 
part  after  the  welding  shall  be  either  annealed  or  normalized 
and  drawn. 

General  Characteristics: 

Tough,  shock  and  impact  resistant.  Has  best  combination  of 
ductility,  toughness,  and  strength.  High  fatigue  and  creep 
resistant.  This  steel  has  air  hardening  properties  and  is  especi¬ 
ally  free  of  lempet-brittleness.  Maintains  gocnl  strength  prop¬ 
erties  at  elevated  temperatures.  Ware  and  abrasion  resistant  in 
hardened  condition.  The  high  depth  hardness  is  reflected  in 
excellent  torque  properties.  Recommended  for  heavy  duty, 
high-strength  applications. 

The  most  desirable  properties  of  this  steel  are  obtained  by 
using  a  600'’F.  temper  after  the  oil  quench.  This  treatment 
I'loduccs  the  best  yield  to  tensile  strength  ratio  and  the  best 
impact  strength  (or  all  sizes  tested.  As  shown  by  the  impact 
d.ii.i.ihe  steel  as  tempered  at  finO'F.  does  not  show  any  definite 
transition  temperature  range.  There  is  a  regular  decrease  in 
imiMct  strentgh  with  decreasing  temperature  in  the  manner 
of  •)9r  nickel  steel, 

Since  tempering  above  fi()0'’F.  is  not  recommended,  this  steel 
should  not  he  employed  for  service  at  higher  temperatures. 
The  hatdenabilily  of  iOO  M  is  so  great  that  it  may  be  heat 
treated  in  he.Lvy  sections  ss'ithout  impaiimeni  of  its  pto(Trties, 
The  .lominy  hardenabiliiy  curve,  being  essentially  msriionial 
(or  its  full  length,  indit,ites  that  the  hatdcnahilin'  is  too  great 
III  he  uirfully  evaluated  by  this  test. 

Formi  Avallablai 

llilleis,  bars,  rods,  lorgings,  sheet,  strip,  plate  and  castings 

Applicatlonii 


Altcrali  landing  gears,  airframe  parts,  high  strength  bolts, 
hiilngs  svmg  lasicnrts  and  pylon  pans,  laihide  hit  hcvlies, 
drop  forgings  for  various  appliraiions,  axles,  gears,  shifting, 
pressure  vessels,  nllwell  perlortting  guns. 

Various  aHoy  iieel  mills  (I.lrensed), 


Best  Available  Copy 


Alloy 

Biaiird 


Filin*  CW*:  SA-1«7 
Stfffl-AIUy 

SEPTCMSER  1964 


■DATA  ON  WOtLO  WIDE  METALS  AND  ALLOYfi 


AIS)  9260 

(Spring  Stnni) 


EaginMiiag  Alloft  Diptot.  toe- 
Upper  M«HcUir.  N«v  Jonoy 


AISl  9260  ii  an  oil*hardrnmfi  type-  uf  spring  seed  and  tool  Mci-I  rccoocDt’ndcd  for  repeated  and  severe  inpaei 
!errvicc.  li  also  used  lor  hravy  duty,  shock  resUtani  Aachinc  pans. 


Coinpoiiliert: 

9260  9260H 

t  arbon  0.^6-U.64  O.S^-0.6^ 

Manganese  O.'^-l.OO  O.o^-l.lO 

Silicon  1.80-2. >0  1. '0-2. 20 

Phosphorus*  0.0^^  toax  O.OiO  max 

Sulphur*  0.040  max  0.U40  max 

Iron  Refflainder  Remainder 


Pliyaicol  Conatonti: 

Density,  lb  cu.m.  0.285 

Thermal  conductivity.  Biu/ft^/ii/hr/^F  (2I2®F)  2“^ 

Thermal  coef.  eipansion /°F  ( 70- 1 200*^F )  a  10"^  B.  I 
Speciiit  heat,  Htu  Ib  ®F  0.10-0.11 

r.lccifual  revistiviiy,  micruhtr'cm  l68®F)  20 

Moduluv  of  elasticity,  pvi  x  10^  (in  tension)  29.0 

I  in  lorsion)  10.7 


*Phosphoru.v  and  sulphur  are  0.040  max  in 
open  hearth  steel  and 0.02^  max  in  electric 
furnace  steel. 

PROPERTIES 


TaMa  I  ^TYPtCAl  MECHANICAL  PROPERTIES 


TrAuk  MrvAaOi.  p*i 
Yi«td  auva^.  pu  <0.2%) 
ElonactioA,  Vc  ••  }* 
HedurtKM  of  aicx.  % 
BrtAcIl  hardacM 
load  impict.  fi  lb« 


NornUma 

Aaaokd 

1^0000 

IlMOO 

aoooo 

MOOD 

l» 

22 

)0 

)n 

241 

>  5 


TnMik 

IcrvapA 


f«W«  1— TYPICAL  HEAT  THEATED  PROPERTIES 


{\“  R4.  aonnxlkod  l<po*>..  ourndiod  la  oil  1)75  F, 


YifU 

lUduninw 

lisd 

S<rv«4Ji 

M  <0.2%) 

Elop^rion 
*:i  leT 

•f  Arm 

% 

BrM 

Hmdami 

hT'ti. 

MOOOO 

) 

19 

gy) 

6 

))0000 

7 

;i 

6)) 

7 

)2)000 

9 

2) 

427 

7 

290000 

9.) 

21 

401 

• 

221000 

10 

)0 

514 

U 

19)000 

11 

)1 

429 

u 

164000 

12 

)2) 

MB 

14 

144000 

D 

)) 

541 

24 

1i)000 

17 

40 

511 

15 

10)000 

20 

47 

249 

59 

TaMa  3^  MASS  EFFECT  DATA 
{)  7  Grom  Sixi.  0.61C  0J7Mi>.  2.1  iSi.  0.2)0.  OXMNl.  04)2lia) 


Tcfuilc 

Yield 

Kadixtioo 

liod 

$IW 

Srrrnpli 

p*t 

PoiOf 

Eknaiboa 

q|  Amb 

•riaaU 

Imyan 

ladw* 

P«i 

%  lo  2* 

% 

Hardwa 

KRa. 

Aa»ml»4  <H»Mrd 
1 

•8  I575*f,.  (unwee  cookd  20*f  l»r  to 

12i0*F..  air 

rooWd) 

U2250 

6’250 

14) 

20.2 

262 

25 

NortBilis«d»(HaM*4  m  1400*F..  air  < 

QOOkd) 

40 

164750 

9*250 

15  5 

55J 

»)l 

1 

161000 

90750 

1.-7 

25.5 

521 

40 

2 

159500 

*7250 

157 

505 

511 

4A 

4 

144000 

•4750 

4.2 

5.9 

295 

^0 

Oil  eiMAclMd  fma 

I575*F..  ampaevd 

•I  900'F. 

25.7 

441 

5.7 

h 

1 

2)0)00 

207COO 

107 

224500 

200750 

92 

24  4 

444 

60 

2 

202000 

168250 

9.5 

22  7 

401 

45 

4 

17)2)0 

105500 

4-5 

45 

541 

)5 

Oi)  qumcivd  fma 

l)75*f .  teayertd 

•r  llOO'F 

)0 

)5 

1 

177750 

155000 

142 

500 

)52 

174250 

U7500 

14’ 

545 

551 

*  7 

2 

160250 

1)0)00 

16  0 

54.0 

521 

«  2 

4 

149000 

942)0 

105 

192 

521 

)2 

Ta6la  4  — AS  QUE.NCHED  HARDNESS  DATA 

/n.i  ic>c*vi 


rOii 

iiufiMhcd  from  1)75*F  ) 

ImkvtU  *'C  HardMM 

Vj-  44 

r  K6. 

2*  t4. 

4*  U 

Suffer 

64 

42 

60 

42 

1  4  Btdiui 

64 

42 

55 

)• 

Cenff 

64 

62 

50 

>7 

133 


TobI*  S  -  jOMIW  MAKIIKN.MIII.I  I  Y  -  V2(il)M 


( ■ 

Hi 

wi.Yni't-  in 

1  16 

inch) 

"  j '  *  dikiancc 

1  2  5 

±_ 

_5 

U! 

l_2 

il: 

20 

il 

n 

Rc  naa. 

6^ 

tiA 

6} 

62 

60 

5(1 

4' 

40 

y 

36 

34 

Rc  mm. 

60  60  5" 

55 

46 

41 

38 

36 

35 

34 

32 

31 

30 

28 

Critical  Poiatfi  Ac,  1440®F 
Ac,  I490<»F 
Ar,  154A°F 
Af,  1330OF 

Aiuical.’  Heal  (o  1523-HT^oF,  lianact  cool. 
Noraalitr:  Heat  to  lOOO-lC^OOF,  quench. 

Harden:  Heat  to  H'3-162?OF,  quench  in  oil, 
temper  to  desired  hardness. 

Moehinabllffy: 

Machinability  ratinjt  of  mill  annealed  stock 
(187-253  Brincll)  is  about  457;  of  AlSl  B1112 
steel.  To  obtain  best  machining  properties,  heat 
to  1400-1450OF,  cool  slooly  to  lOOOoF,  then 
air  cool, 

cobalt  high-speed  steel  w  tarbidc-t ipped  cutting 
tools  are  recoonnended.  High-speed  steel  turning 
cools  should  be  ground  to  8*10®  side  rake,  6-8® 
back  rake,  7-9°  side  relief,  "-9®  end  relief,  10-14® 
end  cutting-edge  angle,  12-16®  side  cutting-edge 
angle,  sr>d  a  nose  radius  equal  to  1  0^«  ol  depth  ol 
cut.  Carbide-tipped  tools  should  be  ground  to 
6'tO®  fide  rake,  2-6®  back  rakr.  8-10®  side  relief, 
8*10®  end  relief,  8-10®  end  cutiing-edge  angle, 
g.140  5ide  cutting-edge  angle,  and  a  nose  radius 
of  1  32  inch.  For  high-speed  steel  cutters  u-se 
sulphurized  or  chlorinated  cutting  oils,  but  no 
cutting  oil  for  carbide-tipped  tools. 

Spec  ificatioii  Equivaltnii: 

.SAE  ‘)2G(i 

y(2-.S.624.  t  Si»26() 

<  o.Tip.  E 

ASTM  A"J,  l.r,  ‘I2f'il 
AS  I  VI  AMI  tir.  ‘)2(i'i 
ASTM  /.MU,  (,r.  ‘)2(’l'll 
Ml  l.-S.  (,  1 1 1)  (  V 


W^obllltyi 

Fora,  from  2r5*F.  (o  I'JU'F  li  ii  lubuct  lo  4<cuhu,iuiioo 
snd  ihuulJ  Ihtfclor,  noi  b«  haW  si  the  forfiBg  ttaftimn 
(ongrt  II  neceiiary.  Alter  forging,  the  steel  sbould  be 
c«sled  «io«lr  br  burying  m  sihei.  dry  llnw,  sikxcl  or  other 
dry  heat-itisuUtion  mstetisl. 

Waldabllttyi 

Thi-  high  liibon  »aJ  iliion  lonirnii  ol  ihn  iceel  ioffodoif» 
Jiiiiculiy  in  skrIJing.  «hi(h  0.  iherelnrr.  not  rciomm-nJcJ 
iiornully. 

CorrMton  t*(t*tan««i 

Th.t  iiMt  It  bener  then  plsin  cirbon  iicrl  in  inJutiri.l  »r 
moiphrr,  snd  >boul  the  um,  »h<n  connnuoullr  cspoicJ  n* 
monrurr-  If  ultt  irc  picscni.  .oriotiun  n  mereswd.  It  ii 
inickni  tcsdil,  by  scidi,  but  ttiiiisni  lu  sikilii  it  ardinsry 
l,mp,r,iur,i 

Caoarot  Choraclarisilcs: 

AISI  9260  it  rreommended  lot  he»vy  dury  sfcings 
,nd  for  shock  resisting  parts  in  *hich  *  com¬ 
bination  of  high  duciiliiyaiih  haidncts  is  requited. 
The  combined  qualities  of  esiiemely  high  strength 
logethe,  with  toughness  gives  this  steel  the 
ability  to  withstand  repcsitd  and  severe  impacts. 

It  is  pritutily  sn  oil-hnidening  steel.  It  may  be 
quenched  in  water  with  ssiisfteioey  results,  but 
cart  should  be  isken  if  the  pan  has  drastic 
dimensions!  chsnge  or  sharp  coiners.  The  higher 
oil-quenching  temperature  imptovea  the  tiirnglh, 
ductility,  and  shock-resistance.  It  has  good  went- 
resistance  and  maiimum  shock-resistance  for 
hardnesses  under  Rockwell  C58. 

Although  It  IS  not  classed  ss  a  non-deforming 
steel.  It  will  hold  sue  and  shape  reasonably  well 
during  heat  ircaimeni,  if  normal  precaiAions  ate 
used  10  IIS  application  and  treatment.  Where 
freedora  from  distortion  is  of  primaiy  importance, 
the  parts  should  slways  be  oil-qurnthed  rather 
than  wstet^uenched. 

It  decaibunres  mote  freely  than  other  tool  steels 
when  healed  lot  forging,  annealing,  or  heat  treat¬ 
ing.  This  is  due  to  its  high  silicon  and  molybdenum 
content.  Csie  shouid  be  esercited  during  healing 
to  proieci  It  from  decaibuniaiion.  This  steel  is 
less  noich  sensitive  than  either  carbon  steel  or 
chroiDiutD-vanadiuip  alloy  steel. 

Farm  Available 

Hillriv.  burs,  rods,  forgings. 

Applicolions: 

He.ivy  duly  springs,  shear  blades,  pneumatic  tool, 
punihes,  shanks  for  tsrhidc  tools,  machine  pans 
subiict  III  shoik,  chisels,  caulking  tools  and  all 
types  of  severe  tjt  unusual  scfvir.  involving 
druMie  or  repi  Jicil  impici  al  aimosphrfic  lempet- 
at  ores . 

Manufoclurar: 


y ,11 1 II  .1 II  e  .1 !  1  .1  Ill's  SI  I  e  I  m  I M  s  . 


FlllnfC*^;  SA-150 
StM|.All«y 


Allw 

fiaiird 


YASCOJET  M-A  (CVM) 

DATA  ON  WOtLO  WIDI  MITALS  AND  AUOYS 


JULY  1M3 


VASCOJET  M-A  (CVM) 

(Ultra  Hlfh  Itiomlli  Stool) 


HkUM  kf 

fr^ioDwiPi  Attoyi  Dtjt.  lot. 
Vpftt  Utimitit,  No*  jomt 


Vaxoirt  H-A  (CVM)  ii  on  yitri  higli*AUOAj<h  «lloy  diodI  cApoklt  c(  reMchinf  ccntilt  rurAith  vMlyAt  up  lo  M.OOO  p*i  do^ 
■oiotoiniai  fifcagth  kvoU  At  opArotiAg  ceapcfocyrAA  to  1000  dog.  F.  It  cooibiAfA  ctircoicly  hi^  wUh  tfyciiliryt 

lOUgkoOAIi  UtlgyO  And  hOAt  rAAiitAOCA* 


Cooipoiitioo: 


PAyiicol  CoofttOfitD; 


CtrboA 

TuAgttcn 

MolyhdAao* 

Qifoaio* 

VAflAdio* 

Iron 


TocaI 


0.50-0.55 

Spccilir  gmvity 

C^AAlCy,  Ib/CU.iA. 

10-6  (e0*l000®F) 

y.92 

o.2n 

12.0 

TnenAA)  co«f.  etpAAAion/^F  i 

6.4 

ModyluA  of  AlAAticity,  pfi  t  1< 

AI  70®F 

)I.O 

ReaAindei 

AI  400«F 

u.t 

AI  1000«F 

24.0 

PROPERTIES 


ToMo  t  -  TYPICAL  HFAT  TREATED  PROPERTIES 
(StAAdAfd  0.210“  touAd  byttonhAAd  lAAiile  ApAcioMnA  qoAnchcd  2050  drg.  f. 
ifl  AAlt  At  1050  dAg.  F»  And  ttiplr  tAA^r»d  (2t2*2  boon)  a>  indicAitd.) 


TtapAriAg 

TeapeiAture 

Of 

Tenfile 

Strength 

P*i 

Yi.ld 

Sir.Aflh 

p.i  (0.271) 

EliMlgAliAA 

%  in  T’ 

Redyciioo 
of  Area 
% 

koclcvtll 

HAidneii 

••C" 

Tn*« 

Fracittf* 

SCMII 

DAI 

975 

561700 

292600 

6.0 

20.0 

60.9 

450500 

1000 

551600 

292600 

(.0 

55.4 

59.9 

453500 

1025 

545S00 

292400 

7.0 

54.1 

59.5 

440200 

1050 

544400 

277700 

7.( 

55.2 

5(.6 

435200 

1075 

521(00 

2(0200 

6.5 

51.0 

57.5 

39(500 

1100 

505200 

266500 

6.5 

2(.5 

56.1 

37(700 

1150 

255400 

215500 

7.0 

25.2 

50.4 

311200 

1200 

200900 

15(500 

9.0 

55.0 

40.9 

259200 

1)00 

144000 

105400 

14.0 

40.4 

55.5 

226700 

ToWo  2  -  TYPICAL  TENSILE  PROPERTIES  AT  550  kti  T.S. 
(Bor  li«A(  ti«A(«d  CO  550000  pti  «AAit«  Airrngcb) 

550000 
290000 
8 
55 
C60 


TAyriU  ACiAAftli,  pti 

Yield  ACr«Agfh|  pfi  (0.29«) 
ElDOfAtloA,  %  in  2" 
Rtdoccioo  ol  nrAA,  9« 
Rpck««ll  knrdAfii 


ToMt  3  •  TYPICAL  AUSFORMED  PROPERTIES* 
(AyfCeniff  deforaed  919«  ai  llOO^F  b«(o(«  convtniionAl 
quenching  and  iroipcttng) 


*FroB  Juirution  And  ZncliAy 


TiAU  4  -  IMPACT  PROPERTIES 


Rockwell 

liod 

ChAipy 

Charpy 

HAfdne^i 

Uoootchtd 

Unnotched 

V-Noich 

••C" 

ft.  Ibi. 

ft.  Ibe. 

fi.lbi. 

17.5 

1 20  *  (fiopa  l»tAfli) 

264  t  (Acopa  bea*) 

M 

19.0 

120  *  (flOpA  hAAM) 

264  *  (atopi  be**) 

12 

61.0 

120  *  (aiopA  bcAM) 

264  t  (AiopA  beaml 

8 

T«W«  5  -  TYPICAL  ANNEALED  PROPERTIES 

Tentilt  Atrcngth,  pfi 

95000 

Yield  Aircn|th,  pei  (0.29«) 

4(000 

Elongaiion,  %  in  2“ 
Reduction  of  area,  % 

25 

55 

Rockwell  hardneea 

8(9-95 

P«A 


T.ap.>inf 

T.ap.f.iiif. 

®F 

Teaiilc 

Saength 

pii 

Yield 

Strength 

pai  (0.2%) 

Elongaiinn 
%  in  2  * 

Reduciion 
of  Area 

% 

“W 

700 

465000 

425000 

7 

21 

IMA 

(00 

460000 

425000 

7 

25 

1000 

455000 

410000 

7 

55 

1100 

455000 

590000 

9 

59 

1300 

iE 


Tabu  6  - 

1  MBd  I 

PKlM'jJt 

''ttess,  ps» 

So'. 

««t  1  l«" 

2lO,tMHt 

I'O.tHHt 

M.’.OtM) 

l<«0.(M)tt 

|30,0(Ki 

1, 

,  )(»■*. 000 

1  I'.tmo 

1  ^O.tKhi 

''Uq'ped 

.11  100,00 

TobU.  -  1  I  I  I.  1  (11-  II  SI 

(Siaii0.brd  t).3tl3“  ioiin>l  leiisih 
ntiiiuies,  s.bli  quenched  at  1030 
Avr-ruge 

1  1  MI'I  l(A  1  1 
1'  spet  iinens  , 
"F  ,  anil  If  ij'!< 
nf  IWii  ifSI  s 

Ml  OS  1  III 
iiusicnliizc'i  M 
L-  icniiicfc'l  (2 ' 

liCI  CiUlditiaUI, 

1 1  SSll.l 

1  S.lll 

2  • Inmr 
.) 

,  )»l(OPI.I<  I II  s 
20301^1  1,,,  «, 

>1  as  indit  ated. 

lestiiig 

i'empcrtiig 

3ic|J 

1  I'll  S  1  If 

Itciiiii  non 

1  cmpctatiiie 

1  emperaiitre 

Strength 

Strengili 

of  Area 

r.  Ion  gait  on 

3»|. 

0|. 

I'si  (o.j'ij 

|.SI 

in  2  ' 

300 

lOtH) 

249200 

U7100 

47. H 

4 

(4H) 

KMMl 

233200 

40H600 

47.2 

3.K 

HOO 

1000 

241600 

292900 

28." 

3.4 

*MK) 

I0«M) 

221 100 

2-H6flO 

40.0 

S.9 

1000 

1000 

204 400 

J39000 

24.9 

3.4 

300 

1073 

213000 

2K9200 

40.3 

6.0 

(>00 

1073 

220700 

28030(1 

11." 

4 

ROO 

1073 

244300 

264200 

40.3 

6.1 

900 

1073 

206200 

23|  4IM) 

48. 2 

3." 

1000 

1073 

18  4000 

230100 

2B.H 

6.3 

H*ot  Tr«otm«nt: 

Anneal:  Heat  to  deg,  F,  roul  slower  than  SO  deg,  I* 

per  hour  to  lOtM)  iirg.  F,  then  more  rapidly  to  room  temper* 
aiure. 

Hardening;  Preheat  at  I SSO  deg.  F  «  raise  temperature  rapidly 
to  202S'JOSO  deg.  F'  in  a  protective  atmosphere,  hold  VIO 
minutes  at  temperature,  quench  in  air,  salt,  or  oil,  temper 
at  OSO-IISO  deg.  F,  Double  or  triple  tempering  is  recom* 
mended  (2  ♦  ,?  *  J  hours), 

(Phase  changes:  Tlie  steel  translorms  on  slow  ctKiling  from 
austenite  to  spheroidite.  A|.nflo  to 
Martensite  start  temperature,  Ms,  is  <1)001') 

Stress  Relief:  Meat  at  87^*9W®F  for  2«-1  hours;  for  finished 
heat  treated  parrs  after  grinding,  machining  nr  straightening. 

MacKinqbility: 

Rough  machining  Is  generally  performed  on  material  in  the 
fully  annealed  condition  tn  much  the  same  manner  as  any 
O.^O^rC*  alloy  steel. 

Single  point  turning  tools  of  high  speed  steel  should  he  ground 
to  8*12®  side  rake,  fi-lO”  back  rake,  7«10<*  side  relief,  7-10'* 
end  relief,  8*15^  end  cu<ting*edge  angle,  12*16^  side  cutting* 
edge  angle  and  a  nose  radius  equal  to  10^«  of  cut  depth. 
Sintered  carbide*tipped  tools  should  be  ground  to  <1*12^  side 
rake.  2*5®  back  rake,  VIO®  side  relief.  V10<»  end  relief,  8-12^ 
end  cutting-edge  angle,  10*16^  side  cutting*edge  angle  and  a 
1/  32"  nose  radius. 

t'se  sulphurized  or  chlorinated  oils  contairting  sulphur  as 
lubricants  with  high  speed  sterl  cutters. 

Workobility: 

Forging:  Start  at  19^0  to  l9nOOF  and  finish  at  16W'F.  It 
should  be  reheated  as  often  as  necessary  to  prevent  forging 
coo  cold.  Because  of  its  air-hardening  properties,  it  is  very 
necessary  that  this  steel  be  cooled  slowly  after  forging  to 
prevent  the  formation  of  stress  cracks.  After  forging,  the 
material  may  be  returned  to  a  hot  furnace  and  c<i(ded  slowly 
with  the  furnace,  or  may  he  buried  in  some  insulating 
materia!  such  as  lime,  mica  or  silocel, 

F'orming:  This  alloy  in  the  fully  annealed  condition  can  be 
readily  formed  bv  all  common  methods.  Straightening  can  Im* 
performed  either  during  cooling  from  austenitizing  or  during 
heating  for  tempering. 

WtltJobtl  ity; 

Preheat  at  ^00*I00()^F,  weld  with  inert  gas  shielded  arc  i>r 
coated  electrodes;  maintain  temperature  above  600*^F',  eool 
slowly  in  furnace  or  insulating  medium.  VelJed  parts  have 
shown  excellent  weldability  with  weld  metal  strength  and 
ductiliry  equal  to  or  greater  than  the  parent  metal.  Because  of 
its  hardenahility ,  welding  requires  preheating  and  post'heating 
and  generally  is  followed  hy  an  anneal. 

Velded  parts  are  usually  slowly  cooled  to  20CI^F',  followed  by 
immediate  tempering  to  1 2V).  UOOoF,  for  softening,  to  permit 
final  straightening  and  sizing  without  cracking. 

Corrosion  Rosistonco; 

(t^neral  corrosion  resistan<r  of  this  steel  is  low  and  surface 
protection  is  required.  For  room  lempcraiurr  applications,  con* 
ventional  paint,  plating,  vapor  deposition,  ami  other  rttarlngs 


may  hr  used.  I'or  elevated  temperature  applications,  aluminum 
siliroite  pairtt,  n ickri* i  admium  diffusion  plating,  nickel'Ztnc 
plate,  etc.  may  he  used. 

Hydrogen  embtililement  may  (tecur  after  hydrogenating  treat* 
ment  of  the  high  strength  tonditions  at  hi/d^  strength  levels. 
Approved  platirtg  methods  should  he  followed  hy  baking  at 
temperatures  ranging  ftom  37S''F  for  2^  hours  (for  low  heat 
resistant  pUte)  to  for  heat  resisting  plate.  At  the  upper 

end  of  the  operating  temperature  range,  protection  is  required 
if  slight  oxidation  to  a  tight  scale  is  not  permissible. 

Pickling: 

Heat  treated  patts  should  hr  cleaned  hy  mechanical  methods. 
Pickling  or  cathodic  cleat. ing  arc  not  permissible. 

G«n«ro)  Cborocttristicft: 

Vascojet  M>-A  (C.VM)  is  a  consumable  vacuum  arc  melted,  high 
strength  alloy  steel  providing  more  ductility  and  a  smaller 
differential  between  longitudinal  and  transverse  mechanical 
properties.  It  can  be  air,  salt  or  oil  hardened  depending  on  the 
section  thickness.  Triple  tempering  produces  stress  relief 
combined  with  maximum  hardness  because  tempering  is  done 
in  the  secondary  hardening  temperature  range,  i.e,,  the  range 
in  which  the  steel  develops  a  higher  hardness  than  at  a  lower 
temperature;  hydrogen,  which  can  cause  embrittlement  when 
tensile  strength  exceeds  2(X),000  psi,  is  rapidly  removed  artd 
strength  is  not  lowered;  retained  austenite  is  transformed, 
reducing  the  danger  of  subsequent  transformation  to  martensite 
with  accompanying  high  stresses  during  service. 

Vascojei  M~A  (C!VM)  is  a  high-strength  sirucrursl  steel  offer- 
iitg  fcnsile  strength  values  up  to  360,000  psi  at  room  temper¬ 
ature  and  high  strength  levels  ar  operating  temperatures  to 
1000'»F.  It  is  readily  machined  and  can  be  formed  by  all 
standard  methods  of  fahriratii>n.  In  order  to  achieve  maximum 
strength  and  ductiliry,  it  is  recommended  that  this  alloy  he 
ordered  in  the  (.VM  (consumable  vacuum  melted)  grade.  F'x- 
pcrience  indicates  that  ('.VM  melting,  with  subsequent  removal 
of  dissolved  gases  and  reduction  of  inclusions  to  a  minimum, 
improves  transverse  type  properties  hy  factors  of  two  or  three 
to  one.  This  alloy  assures  outstanding  fatigue  strength  due  to 
the  fact  that  it  offers  the  full  advantage  of  secondary  hardening 
pherjomena. 

IliiN  steel  is  highly  magnetic,  but  becomes  nonmagnetic  at 
temperamrrs  ahi>ve  MOO  to  MOO'^F.  The  damping  capacity  is 
1.3  X  10”^  logarithmic  decrement. 

Vascojet  M-A  has  heen  found  to  respond  quite  satisfactorily 
to  the  ausfitrming  process.  Tensile  strength  levels  in  excess 
of  430,000  psi  with  quite  respectable  ductility  are  possible. 
The  deformati<in  of  mrtasrahir  austenite  before  quenching  and 
tempering  enhances  strength  and  hardness. 

Forms  Avoiiokle: 

Billets,  forgings,  sheet,  plate,  bars  and  wire. 

Applieotiont; 

Fasteners,  airframes,  rocket  motor  cases,  high  speed  rotors, 
lighiwrighi  axles,  gears,  shafting,  pressure  vessels,  helicopter 
rotors,  engine  mounts,  turbine  components,  anil  nuclear  appli¬ 
cations. 

Monvfocturqr: 

Vanadium  Alloys  Sicrl  t 
I..ur<»l*e,  Penn  svl  \  .toi.t 


®®stAva/7ab/eCopy 
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PHASE  l-TASK  4A-E0GE  MARGIN  AND  HOLE  SPACING  DATA 


SPECIMEN  NUMBER: 


1/4/73 


TEST  CONDITIONS 


Specimen  Description 

Material: _ 

Material  yage  (in.) : 
Si^e  (L  X  W)(in  1.^ 
Numer  of  holes:  _ 


2024-T8S1 
0.37E 
15x  1.S 
12 


Hole  spacing  (in  ): _ 

Nominal  hole  size  (in.):. 
Edge  margin: _ 


M/8 

3/B 

0.75  in. 


Coldwork  Information 

Coldwor)<  process:  _ 

Mandrel  taper  (in. /in.); 

Mandrel  diameter  (in  );  0.3537 
Expansion  (in  ):  0.0185 


RESULTING  DATA 


Edge  bulge  at  holes,  average  (in.):  _ 

Edge  bulge  between  holes,  average  (in.):  0.001 _ 

“Bow  after  coldworit  on  !•  -*0.025 

^Bow  after  ream  and  countersinis  (in.).  +0.008S  _ 

Alt  t 1  mn  -if  Inr  .  I  Hii./ir  V  /iii  ^  '  NOhO 


+0.025 

+0.008S 

None 


“Edge  distortion  after  coldwork  (in.) ; 

^Specimen  growth  after  coldwork  (in  ):  0.0085  ift  12.375 

Specimen  growth  after  ream  (in.) : _ 0.0085  in  1 2.375 

Specimen  growth  after  countersink  (in.):  0.0080  in  12.375 


Bvw  clireclion 


Direction  uf  culciwork 


U )  Indicate!  bow  as  shown  m  sketch 
(-)  Indicates  bow  in  opposite  ilircction 


Edge  disioriior. 


Value  indicates  amoonl  of  side  bow 


^Measurements  taken  after  each  operation  indicated  Soma  of  the  difference 
may  bo  conlribvited  to  reamer  wander  and  ternperaiurc  variance 
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PHASE  I  TASK  4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER:  2A _  DATE;  1/A/73 

TEST  CONDITIONS 


Specimen  Description 

M.,er,.l  2024-T851 

Material  gage  im.i  0.375 
Siie  (L  *  VVIlin  I ;  15  x  1 .5 

Numei  of  holes  9 


Hole  spacing  (in.): _ 

Nominal  hole  size  (in,): 
Edge  margin: _ 


1-1/2 

3/8 

0.75  in 


ColdwoiN  Milormation 

Culdsvork  process  _ 

Mandrel  tatier  (in  /in.): 
Mandrel  diameter  (in  ): 
Expansion  (in  );  _ 


Sleeve 

0.045 

0.3537 

0.0185 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in.) : _ 0.0015 

Edge  bulge  between  holes,  average  (in  ):  0,0005 _ 

^Bow  after  coldwork  lin  ):  '*•0.025 _ 

®Bow  after  ream  and  countersink  (in.).  •f'O.OIS 
^Edge  distortion  after  Cfildwork  (in  ):  None 

‘^Specimen  growth  after  coldwork  (in.) :  0.0090  in  1 2 

Specimen  growth  after  ream  (in  ); _ 0,01  Tin  12 

Specimen  growth  after  countersink  (in.):  0.010  in  12 


^Buw  direction 


I  Direciion  ot  culdwoik 


i  +  l  indicates  bow  as  shown  in  sketch 
I-)  Indicates  bow  in  opposite  diiecnon 


^Edge  distortion 


Value  indicates  amount  of  side  bow 


^'Measurements  taken  alter  each  otieration  indicated.  Some  of  the  difference 
may  be  conttibuted  to  reamer  wander  and  temperature  variance. 


138 


PHASE  I-TASK4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER:  _  nATF  1/4/73 

TEST  CONDITIONS 


Specimen  Description 

Material:  2024-T851 

Material  gage  (in  ):  0'37S 
Site  (L  X  Wl(in)  .  15  X  M/8 

Numer  of  holes:  ^  2 _ 


Hole  spacing  (in.) : _ 

Nominal  hole  size  (in  ): 
Edge  margin:  _ 


1-1/8 

3/8 

0.563  ir>. 


Coldwork  Information 

Coldwork  process: _ 

Mandrel  taper  (in.  in  ): 
Mandrel  diameter  (in.): 
Expansion  (in  ):  _ 


Sleeve 

0.045 

0.3537 

0.0186 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in.): _ 0.0020 _ 

Edge  bulge  between  holes,  average  (in.):  0.0007 

^Bow  after  coldwork  (in.): _ ■kO.OSS. 

®Bow  after  ream  and  countersink  (in.):  *0.045 _ 

^Edge  distortion  after  coldwork  (in.) :  0-003 

^Specimen  growth  aft.'r  coldwork  (in  ):  0.0165  in  12.375 

Specimen  growth  alter  ream  (in.) : _ 0.0150  in  12.375 

Specimen  growth  after  countersink  (in  ):  0.0150  in  12.375, 


^Bovv  direction 


I  Direction  of  coldwork 


~  ^  . 

_ 

Ed^e  distortion 

(♦)  Indicates  bow  as  shown  m  sketch 
(-)  Indicates  bow  in  opposite  direction 

Value  indicates  arnount  of  side  bow 


^Measurements  taken  after  each  opciation  indicated  Sonre  of  the  difference 
may  be  contnijuted  to  reamer  wander  and  temperature  variance 
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phase  I-  TASK4A-E0GE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER;  _  DATE; 

TEST  CONDITIONS 


Specimen  Description 

Material: _ 

Material  gage  (in.) ; 
Size  (L  X  W)(in  ).^ 
Nurner  of  holes:  _ 


2024-T8b1 
0.375 
15  X  1-1/8 
9 _ 


Hole  spacing  (in.) : .  _ 

Nominal  hole  size  (in  ): 
Edge  margin: _ 


1-1/2 

3/8 


0.563  in 


Coldwork  Information 

Coldwork  process: _ Sleeve 

Mandrel  taper  Im  m  I:  0.045 

Mandrel  diameter  (in.);  0.3537 

Expansion  (in  ):  _ 0-0^8 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in  ): _ 0.0022 _ 

Edge  bulge  between  holes,  average  (in.)  ;  0.0005 _ 

^Bow  after  coldwork  (in,):  -t^O.OSI 

^Bow  after  ream  and  countersink  (in  ).  •*'0.040 _ 

*^Edge  distortion  after  coldwork  (in.) :  0-0^0 _ 

^'Specimen  growth  after  coldwork  (in  I  0.0165  in  12 

Specimen  growth  after  ream  (in  ) ; _ 0.0150  in  12 

Specimen  growth  after  countersink  (in  ) ;  0.0145  in  12 


®Bow  direciion 


\ 


Direcuon  of  coldwork 


(•♦)  Indicates  bow  as  shown  m  sketch 
(-)  Indicates  bow  m  opposite  direction 

Edge  distortion 

- 

Value  indicates  amount  of  s<de  bow 

—  —  —• 

^Mcasurerrients  take;*  alier  each  operation  indicated.  Some  of  the  d'ffcrenct’ 
mav  bo  cofitribuied  ti*  reamer  wander  and  temperature  variance 
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PHASE  I  -TASK  4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER;  _  DATE:  - 

TEST  CONDITIONS 

Specimen  Description 

Material ; _ 

Material  gage  (m.l 
Size  (L  X  WMin 
Numer  of  iioles:  . 

Coldwork  Information 

Coldwork  (jrocess  _ 

Mandrel  taper  (in.  in.) 

Mandrel  diameter  (in.) 

Expansion  (in  ):  _ 


Sleeve 

0.045 

0.7145 

0.030 


2024-T851 

0.750 

15x2-1/4 

6 


Hole  spacing  (in.) : _ 

Nominal  hole  size  (in.) : . 
Edge  margin: _ 


2-1/4 

3/4 

1.125  in 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (m  ) : _ 0.003S 

Edge  bulge  between  holes,  average  (in.) ;  0.0015 

^Bow  after  coldwork  (in  ); _ •*'0..009 _ 

®Bow  after  ream  and  countersink  (in  ):  -*-0.006 

*^Edge  distortion  after  coldwork  (in.) _ None  .  .  _ 

'"Specimen  growth  after  coldwork  (in.) :  0.01 1  in  1 1^ 

Specimen  growth  after  ream  (in  ) ; _ Q.013  in  11. 

Specimen  growth  after  countersink  (in  ):  0,01.3  in  1 1_. 


(♦)  Indicates  bow  as  shown  m  sketch 
\-)  Indicates  bow  •»  opposite  direction 


Value  indicates  amount  ot  side  bow 


^Measuiennents  taken  icr  each  operation  indicated  Some  ot  the  ditterence 
may  be  contributed  to  reamer  wander  and  temperaiure  variartce 


SPECIMEN  NUMBER 


PHASE  I  -TASK4A-EDnE  MARGIN  AND  HOLE  SPACING  DATA 
8A _ _ _  DATE: 


TEST  CONDITIONS 


Specimen  Description 

Material:  _ _ 

Material  gagt  (in.l 
Size  (L  X  WKin.li 
Numer  o(  Holes:  _ 


2024-T851 
0750 
15  X  2  1/4 
4 _ 


Hole  spacing  (in.) ;  ___ 
Nominal  hole  size  (in  ); 
Edge  margin  _ 


3,00 

3/4 


1.125  in 


Coldwork  Information 

Culdwork  (irocess: _ _ 

Mandiel  taper  (m.  in.) 
Mandrel  diameter  (in.|: 
Expansion  (in  ); _ 


Sleeve 

0.045 

07142 

0.030 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in.) ; _ Q-OO'* _ 

Edge  bulge  between  holes,  average  (in.):  None _ 

^Bow  after  coldwork  (in  ); _  _ ±0.003 _ 

‘’Bow  after  ream  and  countersink  (in):  ■*•0.008 

^Edge  distortion  after  coldwork  (m.) :  None _ 

^Specimen  growth  after  coldwork  (ml:  0.0095  in  9 

Specimen  growtn  after  ream  (in  ): _ O.Ql  IS  iftS. 

Specimen  growtn  after  countersink  (in  );  0.0120  in  9 


“ecw  diiection 


I 


Oireciion  of  coldwork 


1+1  ind'caies  bow  ai»  s^own  m  sketch 
{‘)  Indicates  bow  m  opposite  direction 


b 


d9e  disiof lion 


Vaitie  indicates  amount  of  side  bow 

‘^Measurements  taken  af  ter  e.id'.  operation  indicated.  Some  of  the  difference 
may  be  contributed  to  n;amer  wander  and  ten^perature  variance 
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PHASE  I  -TASK  4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 


SPECIMEN  NUMHER:  -  9A _  HATP  1/4/73 

TEST  CONDITIONS 


Specimen  Description 

Material; _ 

Material  gage  (m  ); 
Siee  (L  X  Wi(in.);_ 
Numer  o(  holes:  _ 


2024  T851 
0.750 
ISx  3 
6 _ 


Hole  spacing  (in.) : _ 

Nominal  hole  size  (in  ): 
Edge  margin  _ 


21/4 

3/4 

1.50 


Coldwor'x  Information 

Coldwork  process: _ 

Mandrel  taper  (in. /in.): 
Mandrel  diameter  (in.); 
Expansion  (in.):  _ 


Sleeve 

0.045 

0.7142 

0.030 


RESULTING  DATA 


Edge  bulge  at  holes,  average  (in.) ; _ 

Edge  bulge  between  holes,  average  (in.): 

®8o\v  after  coldwork  (in.): _ 

®Bow  after  ream  and  countersink  (in,): _ 

^Edge  distortion  after  coldwork  (in.) :  __ 

‘"Specimen  growth  after  coldwork  (in.): _ 

Specimen  growth  after  ream  (in.): _ 

Specimen  growth  after  countersink  (in  ): 


0,003 _ 

0.0015 _ 

•>■0.006 _ 

+0.004 _ 

Norte _ 

0,0063  irt  1 1 ,25 
0,0065  in  1 1 .25 
0.0070  in  11.25 


^Buw  direction 


^  Oireciion  of  coldwork 


1  ~ 

.  —  — * 

Edge  distortion 

(t)  Indicates  bow  os  shown  in  sketch 
(-)  Indicates  bow  m  opposite  direction 

Value  indicates  amount  of  side  bow 


*^Meo5urements  taken  after  each  operation  indicated  Some  of  the  difference 
may  be  contributed  to  reamer  wander  and  temperature  variance. 


PHASE  I-  TASK  4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 


SPECIMEN  NUMBER;  10A_ 


DATE 


TEST  CONDITIONS 


Specimen  Description 

Material;  _____ 
Material  gage  (in  I . 
Size  (L  X  W)(in.)j_ 
Numer  of  holes;  _ 


2024T851 
0.750 
tSx  3 

4 


Hole  spacing  (in.) _ _ 

Nominal  hole  sire  (in. 
Edge  margin;  _ 


3.00 

3/4 

1.50  in. 


Coldwork  Information 

Coldwork  orocess; _ 

Mandrel  taper  (in. /in.): 
Mandrel  diameter  (in  ): 
Expansion  (in.): 


Sleeve 

0.045 

0.7142 

0.030 


RESULTING  DATA 

Edge  bulge  at  iioles,  average  (in.) . _ 0.0025 

Edge  bulge  between  holes,  average  (in.) ;  None 

^Bow  after  coldwork  (in.): _  ■  -  -  - 

*Qow  after  ream  and  countersink  (m  i;  f-Q.OC 
*^Edge  distortion  after  coldwork  (in.) ;  .  _  None 
""Specimen  growtn  after  coldwork  (in  );  0.00^ 

Specimen  growth  after  ream  (in  ); _ 000> 

Specimen  growth  after  countersink  (in.);  0  001; 


h0.004 

None _ 

0.0045  in  9 
0.0036  in  9 
0.0035  in  9 


^Bow  direction 


Oirectioa  of  coidvvorK 


(+)  Indicates  bow  as  st'Own  to  sketch 
(•)  Indicates  bow  «n  opposite  direction 


“Edge  distortion 


Value  ir.dicoicc  amount  of  S'dp  bow 

^Measurements  takeii  after  each  operation  indicated.  Some  of  the  difference 
may  be  contributed  to  reamer  wander  and  temperature  variance. 
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PHASE  1  TASK4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER;  _ U _  DATE:  _ _ 

TEST  CONDITIONS 


Specimen  Description 

Material:  Ti-6AI-4V 

Material  gage  (in.) :  0.375 
Size  (L  X  Wllin.l ..  tS  X  1.5 
Numer  of  holes:  1 2 _ 


Hole  spacing  (in.) : _ 

Nominal  hole  size  (in.): 
Edge  margin; _ 


1-1/8 

3/8 

0.75  in. 


Coldwork  Information 

Coldwork  process; _ 

Mandrel  taper  (in./in  ): 
Mandrel  diameter  (m  ): 
Expansion  (in  ); _ 


Sleeve 

0.045 

0.3537 

0.018 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in  ); _ 0.0015 _ 

Edge  bulge  betvseen  holes,  average  (in  ) ;  0.0010 _ 

^Bow  after  coldwork  im  i ■  •*•0.035  _ 

®Bow  after  ream  and  countersink  (in.l:  None 

^Edgc  distortion  after  coldwork  (in.) ,  0  001  .  . 

*^Specimen  growth  after  coldwork  (in  i:  0.016  in  12,375 

Specimen  growth  after  ream  linl:  0.01.8  jh  1?f3'^.5  _ 

Specimen  growth  after  countersink  (in  ):  0.0175  in  12.375 


1 


*6uw  (lifection 


t 


Direction  culdwork 


f—  m  L^^  T - 

_ _ —  - —  — 

( 1 )  Indicates  bow  a$  shown  m  sketch 
<-)  Indicates  bow  in  opposite  diractior^ 

edge  diaiurtiuii 

Value  if'dicates  amount  of  side  bow 

^McaJurementi  taken  after  each  operation  indicated,  borne  of  the  d»ffeien*  e 
mov  be  contributed  tu  roa.ner  wander  and  temperature  variance 


I 
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PHASE  I  TASK  4A-EDG6  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER:  _ _  DATE: 

TEST  CONDITIONS 
Specimen  Description 


Matprial 

Ti-6AI-4V 

*  HniP  <n;4r.inij  (in  i 

1.5 

Material  gage  (in.) : 

0.375 

.  Nominal  hole  size  (in.) : 

3/B 

Size  (L  X  W)(m,),:_ 

15x  1.5 

Edge  margin: 

_ 0.75 

Numer  of  holes:  _ 

9 

Coldwork  Informdtion 


CoIcKvurk  process. 

Sleeve 

Mandrel  taper  (in  .'in.f : 

0.045 

Mandrel  diameter  (in  I: 

0.3537 

Exoansion  (in.l: 

0.018 

RESULTING  DATA 

Edge  bulge  at  holes,  average  (ml, _ 

Edge  bulge  between  holes,  average  (in.i 

^Bow  after  coldwork  (in.): _ 

‘‘Bow  after  ream  and  countersink  (in.l: 

^Edge  distortion  af tei  culdwurk  (in  ). _ 

^Specimen  growth  after  coldwork  (ill.). _ 

Specimen  growth  after  ream  (in.): _ 

Specimen  growth  after  countersink  (m.): 


0.0010 

0.0005 

jUfllZ- 

-0.005 


®0ow  direction 


I  Direction  ot  coldwork 


(»}  Indicates  bow  as  shown  m  sketch 
l-t  Indicates  bow  in  opposite  direction 


b 


Edge  distortion 


Value  indicates  amount  of  side  bossr 


Measurements  taken  after  each  operatron  indicated  Some  of  the  ditference 
may  be  contribuic-d  to  reamer  wander  and  tempei-ature  variance. 


PHASE  I-  TASK4A-E0GE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER;  _  _  DATE;  ^''8/73 

TEST  CONDITIONS 


Soecimen  Description 

Material; _ 

Material  gage  (in.) : 
Size  (L  X  W)(in.|^ 
Numer  ol  noles;  _ 


Ti6AI-4V 
0.376 
TSx  M/8 
12 


Hole  spacing  (in.); _ 

Nominal  hole  size  (in.): 
Edge  margin;  _ 


M/8 

3/8 

0.563  in. 


Coldworir  Inlormation 

Coldwork  process; _ 

Mandrel  taper  (in. /in.); 
Mandrel  diameter  (iri  J: 
Expansion  (in  ): _ 


Sleeve 

0.045 

0.3537 

0018 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in  ) ;  0.0032 _ 

Edge  bulge  between  holes,  average  (in  ):  0.0010 _ 

^Bow  after  coldwork  (m.) _ ^-0.042 _ _ 

^Bow  after  ream  and  countersink  (in.);_  »0.016 _ 

^Edge  distortion  after  coldwoik  (in):  0.001 _ 

‘"Specimen  growth  after  coldwork  (in  )  0.0145  in  12,375 

Specimen  growtn  after  ream  (m  ) _ Q.Q13Q  in  12  375 

Specimen  growth  after  countersink  (in  );  0.01,30  in  12  .375 


9^w  difectior; 


I  Direction  of  coldwork 


—  — 

rdge  distortion 

1*)  Ind'catcs  bow  as  shown  in  sketch 

1-)  Indicates  bow  m  opposite  direction 

_  — —  ' 

Value  •r'dicdtes  amuunt  of  s»de  bow 


^Measurements  taken  after  eact'  operation  indicaterj.  borne  of  t^e  diffcn;iiv.i5 
may  be  contributed  to  reamer  wander  and  temuerature  variance 
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PHASE  1-TASK  4A-EDGt  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER;  __£E - - -  DATE;  - 1ZSZ23 - 

TEST  CONDITIONS 


Specimen  Description 

Material;  ■ 

Material  gage  (in. I 
Size  (L  X  WKtn  )i 
Numer  of  holes;  . 


Ti-6AI-4V 

0.375 

15x1-1/8 

9 


Hole  spacing  (in.) ; _ 

Nominal  hole  size  (in.); 
Edge  margin:  _ 


1,5 

3/8 

0.563  in. 


Coldiwork  Information 


Coldwork  (irocess  _ 

Mandrel  taper  (in.,  in.);  „ 
Mandrel  diameter  (in  |;  _ 
Expansion  (in.);  _ 


Sleeve 

0,045 

0,3537 

0.018 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (m  ); _ 

Edge  bulge  between  holes,  average  (in  ); 
®Bow  after  coldwork  (in  ); - 


0.0024 


0.0005 


-tO.055 


‘’Bow  after  ream  and  countersink  (in  );  •*•0.028 _ 

*^Edge  distortion  after  coldwork  (in.) ;  _ - 

'"Specimen  growtn  after  coldwork  (m  I  0.0145  in  12 
Specimen  growth  after  ream  (in.)  _ .  .  ■  Qi9^6Q  In  12. 


Specimen  growth  after  countersink  (in  ).  Q.015Siri-12- 


direction 


Uifection  of  C‘>ldv\ork 


(♦)  fndicaUs  bow  a$  shown  »n  sketch 
(-)  Indicates  bow  in  opposite  direction 


^Edge  distortion 


Vatue  indicates  amount  of  $»de  bow 


^Meas-rcmenis  taken  after  each  operation  mdicated  Some  of  the  difference 
may  be  contributed  to  reamer  wander  and  temperature  variance 
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PHASE  l-TASK  4A-E0GE  MARGIN  AND  HOLE  SPACING  DATA 


SPECIMEN  NUMBER:  _ ZI _  DATE:  1/8/73 


TEST  CONDITIONS 

Specimen  Description 

Material- 

Ti-6AI-4V 

2-1/4 

Material  gage  (m  ) 

0,76 

Nominal  hole  size  (in  ): _ 

3/4 

Size  (L  X  W)(m.)j. 

15x 

2  1/4 

Edge  margin: 

1.125 

Numer  of  holes;  _ 

6 

Coldwork  li.'ormation 

Coldwork  (irocess: 

Sleeve 

Mandrel  taper  (in.. 

in.):  _ 

0045 

Mandrel  diameter 

(in  );  _ 

0.714 

Expansion  (in  ):  _ 

0.029 

RESULTING  DATA 

Edge  bulge  at  holes,  average  (in.) ; _ 0.003 

Edge  bulge  between  holes,  average  (in.);  0.001 _ 

®Bow  after  coldwork  lu^  i-  -t-Q.lXIO _ 

^Bow  after  ream  and  countersink  (in  ) ;  -0.030 _ 

^Edge  distortion  after  coldwork  (m  l:  None _ 

'^Specimen  growth  after  coldwork  (m  l:  O.OIIOin  11.25 
Specimen  growth  after  ream  Im):  0.0120  in  11,25 

Specimen  growth  after  countersink  (in  ):  0.01 15  in  11. 25 


^SoW  direction 


I  Direction  o(  coldwork 


t+)  Indicates  tx>v\  as  shown  m  sketch 
t-l  Indicates  bow  in  onpositc  direction 


b 


Edge  distortion 


Value  Indicates  amount  of  side  bon 


^'Measurements  taken  after  each  operation  indicated.  Some  of  the  difference 
may  be  contributed  to  reamer  wander  and  remperature  variance. 


phase  I-TASK  4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER:  _§I _  nATP  1/8/73  _ 

TEST  CONDITIONS 


Hole  spacing  (in.) _ _ 3 

Nominal  hole  size  (in.):  3/4 

Edge  margin: _ 1-1/B  in 


Coldwork  Information 

Coldwork  process: _ Sleeve 

Mandrel  taper  (in.,in  ):  Q045 

Mandrel  diameter  (in  ):  0-7.14 

Expansion  (in  ); _ 0-039 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (m.) : _ 0.003 

Edge  bulge  between  holes,  average  (in,):  0,0005 

‘‘Bow  after  coldwork  (m.) : _ +0.017 

®Bow  after  ream  and  countersink  (in  ):  +0.011 

'’Edge  distortion  after  coldwork  (in.) :  __  None 
^Specimen  growth  after  coldwork  (in  I  0.006  in  9 

Specimen  growth  after  ream  (in,): _ 0.006  in  9 

Specimen  growth  after  countersink  (in  ):  0.006  in  9 


Specimen  Description 

Material:  Ti-6AI-4V 

Material  gage  (in.) :  0-75 
Size  (L  X  W)(in  );  15x2-1/4 

Numer  of  holes:  4 _ 


^9ow  direction 


t 


Oirectton  of  ciHdwork 


Lr.'-- 

Ed^e  distortion 

{*)  Indicates  bow  as  sfiown  m  sketch 

Indicates  bow  m  opposite  direction 

Votue  indicates  amount  of  side  bow 


^Measurements  taken  after  each  operation  indicated.  Some  of  the  difference 
rY^ay  be  contributed  to  reamer  wander  and  temperature  variance- 
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PHASE  I -TASK  4A-F0GE  MARGIN  AND  HOLE  SPACING  DATA 


SPECIMEN  NUMBER;  9T 


TEST  CONDITIONS 


Specimen  Description 

Material: _ 

Material  gage  (in. 
Si2e  (L  X  WMin  ). 
Numer  of  holes;  , 


Hole  spacing  (in.) ; _ 2-1/4 

Nominal  nole  Sire  lin  I  3/4 

Edge  margin.  _ ^  -50  in. 


Coldwork  Information 

Coldwork  process  _ 

Mandrel  taper  (in. /in.):  , 
Mandrel  diameter  (in  ); 
Expansion  (in.):  _ 


RESULTIfJG  DATA 

Edge  bulge  at  holes,  average  (in  ) : 


0.0025 


Edge  bulge  between  holes,  average  (in  ):  0.(X)10 _ 

^Bow  after  coldwork  (in.): _ •^•0.01_2 _ 

^Bow  after  ream  and  countersink  (in.).  •*•0.003 _ 

^Edge  distortion  after  coldwork  (in  ) ;  None _ 

^'Specimen  growth  after  coldwork  (ml:  0.0085  in  11,26 

Specimen  growth  after  ream  (in.): _ 0.(X)7S in  1 1 ,25 

Specimen  growtti  after  countersink  (in  ):  0.0075  in  1 1 .25 


Bow  direction 


Direction  of  toldvNOrK 


1*1  indicates  bow  as  shown  m  sketch 
i*)  Indicates  bow  «n  op()osite  direction 


Edge  distortion 


Value  indicates  amount  of  side  bow 

^Measurements  take-i  after  each  operation  indicated  Some  of  the  difference 
may  be  conirit)uted  to  reamer  wander  and  temperature  variance 


151 


PHASE  I  -TASK  4A-ECGE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER:  /'OT _ _  DATE:  1/8/73  _ 

TEST  CONDITIONS 


Specimen  Description 


T.i-6AI;4V 


Material  gage  (in.) . 
Size  (L  X  W)(in.l ; 

0.75 

15x  3 

Numer  of  holes:  _ 

4 

Hole  spacing  (in.): _ 3 

Nominal  hole  size  (in.) ;  3/4 

Edge  margin  _ 1~1/i 


Coldwork  Information 

Coldwork  process: _ Sleeve 

Mandrel  taper  I  in  in  1:  0.045 

Mandrel  diameter  (in  ):  0-714 

Expansion  (in.): _ 0079 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in.) ; _ 0.0025 

Edge  bulge  between  holes,  average  (in.) :  0.0010 
^Bow  after  coldwork  lin  )■  None 

^Bow  after  ream  and  countersink  (in  ):  -0.010 

*^Ed9e  distortion  after  coldwork  (in.) :  None 

''Specimen  growth  after  coldwork  (in.)  0.0030  in  9 

Specimen  growth  aftei  ream  (in.) : _ 0.0020  in  9 

Specimen  growth  after  countersink  (in  ):  0.0020  in  9 


^Buw  direction 


^  Direction  of  coldwork 


l  +  l  Indicates  bow  as  shown  in  sketch 
(')  Indicates  bow  in  opposite  direction 


b 


Edge  distoition 


Value  indicates  amount  of  side  bow 


''Measuiements  taken  aliei  each  operation  indicated  Some  of  the  difference 
may  be  contributed  to  reamer  wander  and  temperature  variance 
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(+1  Indicates  bow  as  shown  in  sketch 
<-)  Indicates  bow  »n  opposite  directioi’. 


^Edgc  distoriion 


\,'o!*;c  indtcates  arr^ount  ot  sirtf*  how 


'Weasurements  taken  alter  each  operation  indicated  Some  ol  the  difference 
may  be  contributed  to  reamer  wander  and  temperature  variance 


PHASE  l-TASK  4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER.  ^ _  DATE. 


TEST  CONDITIONS 

Specimen  Description 
Material: _ 


300  M  steel 


Material  gage  (in,| 
Size  (L  X  W)(in.)i 
Numer  of  holes:  _ 

Coldwork  Information 
Coldwork  process: 


3/8 


15x  1.125 


12 


Hole  spacing  (in.) : _ 

Nominal  hole  Size  (in.): 
Edge  margin: _ 


1.125 


3/8 


9/16  in. 


Push .  no  sleeve 


Mandrel  taper  (in ..  in.) :  Q 

Mandrel  diameter  (in  ):  0.3580 

Expansion  (in  );  _ 0.0230 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in.) : _ 0.0030 

Edge  bulge  between  holes,  average  (in.):  0.0010 
®8ow  after  coldwork  (in  ) : _ ''•O- 1 02 


None 


^Bow  after  ream  and  countersink  (in.):  +0.102 

^Edge  distortion  after  coldwork  (in.) : _ 

'’Specimen  growth  after  coldwork  (in.) , . 

Specimen  growth  after  ream  (in.) : . 


0.030  in  15 


0.030  in  15  (no  change) 
Specimen  growth  after  countersink  (iit  ):  0.030  in  15  (no  change) 


Bow  direction 


Direciion  of  coldwork 


_ 

(  +  )  Indicates  bow  as  shown  in  sketch 
(-)  Indicates  bow  in  opposite  direction 

Edge  distortion 

Value  indicates  amount  of  side  bow 

Measurements  taken  after  each  operation  indicated  Some  of  the  difference 
may  be  contributed  to  reamer  wander  and  temperature  variance. 


PHASE  I  -TASK  4A-E0GE  MARGIN  AND  HOLE  SPACING  DATA 


SPECIMEN  NUMBER;  _ 3S 

TEST  CONDITIONS 


DATE:  6/14/73 


Specimen  Description 

Material: _ 

Material  yage  (in.) : 
Si?e  (L  X  VVilin.)^ 
Numer  o(  noles:  _ 


300  M  steel 
3/8 

15  X  1.50 
12 


Hole  spacing  (in.) : _ 

Nominal  hole  size  (in  ); 
Edge  margirt : _ 


1.125 

3/8 

0.750 


Coldwork  Information 

Culdwork  process. _ 

Mandrel  taper  (in.,  in  ): 
Mandrel  diameter  (in.|; 
Expansion  (in  ):  _ 


Push,  no  sleeve 

0.045 _ 

0,358 _ 

0.023  _ 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in  ): _ 0.0017 _ 

Edge  bulge  between  holes,  average  (in.);  0.001 2 _ 

^Bowdftei  coldwork  (in  ): _  _ Q.Q52S _ 

*^Bow  after  ream  and  countersink  {in  ):  0.0520  _ 

^Edge  distortion  after  coldwork  (in.) :  None -  _  — 

^Specimen  growth  after  coldwork  (m  ):  Q.Q25_tn_15__ _ _  _ 

Specimen  growth  after  ream  {in.j  _ _ Q.Q25Jd_1  5  Ino  change! 

Specimen  growth  after  countersink  lin  ):  _Q,Q25Jn_15  InoiihanQfi) 


^6ow  direction 


I  Dfiectii''ri  ot  coldwork 


I-*)  Indicates  bow  as  shown  m  sketch 
{-I  Indicates  bow  m  opposite  direct«L  ' 


b 


Edge  distortion 


Value  -ndicates  amount  ot  sioe  bov 


‘‘Measurements  taken  after  each  operation  indicated  Some  of  the  diMei  i'ih  e 
nias  be  contributed  to  reamer  wander  and  temperature  variance 


IWJIlLMiJk'L 


PHASE  I  TASK  4A-E0GE  MARGIN  AND  HOLE  SPACING  DATA 


f  i 


i: 


r 


I 


SPECIMEN  NUMBER:  _ 5S _  DATE;  5/30/73 

TEST  CONDITIONS 


Specimen  Description 

Material; _ 

Material  gage  (in,): 
Sl^e  (L  X  WKin.li. 
Numer  of  holes:  _ 


300  M  steel 
0.376 
15  X  1.50 
9 _ 


Hole  spacing  (in.) : _ 

Nominal  hole  size  (in.) : 
Edge  margin; _ 


1.50 
0.375 
0.75  in. 


Coldwork  Information 
Coldwork  process: 


Push,  no  sleeve 


Mandrel  taper  (in.,  in.) : 
Mandrel  diameter  (in.i; 
Expansion  (in.);  _ 


0  045 


0.358 


0.023 


resulting  data 

Edge  bulge  at  holes,  average  (in  ): _ 0.0015 _ 

Edge  bulge  between  holes,  average  (in.) :  O.QCX)7 _ 

^Bow  after  coldwork  (m  l: _  _ 0064 _ 

^Bow  after  ream  and  countersink  (in  ):  0.060 _ 

^Edge  distortion  after  culdwoi  k  (in.) :  0.005 

'^Specimen  growth  after  coldwork  (in.):  0.018  in  15 _ 

Specimen  growth  after  ream  (in  ). _ OniHin  tR(nnrhangp) 

Specimen  growth  after  countersink  (in):  0  01 R  in  m  (nn  phar^QPl 


^Bow  direction 


I  Direction  of  coldwork 


{♦^1  Indicates  bow  as  shov^n  m  sketch 
(-)  Indicates  bow  m  opposite  direction 


b 


Edge  distortion 


Value  Indicates  amount  of  side  bow 


^Measurements  taken  after  each  operation  indicated.  Some  of  tns  difterence 
may  be  contributed  to  reamer  wander  and  temperature  variance 
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PHASE  l-TASK  4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 


SPECIMEN  NUMBER; 


DATE.  7/5/73_ 


TEST  CONDITIONS 


Specimen  Description 

Material:  ____ 
Material  qage  (in.) : 
Site  (L  X  W)(in.li. 
Numer  of  holes:  _ 


Hole  spacing  (in.) :  -■ 

Nominal  hole  site  (in.) ; . 
Edge  margin:  _ 


Coldwork  Information 

Coldvuork  process:  Push,  no  i 


Mandrel  taper  (in., in.): . 
Mandrel  diameter  (in  ); 
Expansion  (in.); 


0,045 

0.7225 

0.030 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in.): _ 

Edge  bulge  between  holes,  average  (in,): 
®Bow  after  coidwork  (in.) : 

®Bow  after  ream  and  countersink  (in.): _ 

'^Edge  distortion  after  coidwork  (in.) : _ 

'^Specimen  growth  after  coidwork  (in.):_ 

Specimen  growth  after  ream  (in.) ; _ 

Specimen  growth  after  countersink  (in  ): 


Bow  direclion 


tireciion  of  coidwork 


<  +  )  Indicates  bow  as  shown  m  sketch 
t-)  Indicates  bow  m  opposite  direction 


“EdQe  distortion 


Value  indicates  amount  ot  side  bow 


^Measurements  taker,  after  each  operation  indicated  Some  of  ti'e  difference 
may  be  contributed  to  reamer  wander  and  temperature  variance. 
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PHASE  I  -TASK  4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 
SPECIMEN  NUMBER;  85 _  DATE;  .  Il3llk - 

TEST  CONDITIO' !S 

Specimen  Description 

Material; 3QQ  M  steal _ 

Material  gage  (in.) ; 

Size  (L  X  WKin  ) .  15x3 _ 

Numer  of  holes;  ^ _ 

Coldwork  Information 

Cold'-vork  process  Push,  no  sleeve 
Mandrel  taper  lin  -irr  i  0.045 
Mandrel  diameter  (m.);  ,  0.7225. 

Expansion  (in  ):  0.030 


RESULTING  DATA 

Edge  bulge  at  holes,  average  (in.) ;  0.0025 

Edge  bulge  between  holes,  average  (in.);  None _ 

^Bow  after  coldwork  lin  1:  •K).Q1Q - 

^Bow  after  ream  and  countersink  (in.i;  -rO-OlO _ 

^Edge  distortion  after  coldwork  (in  );  None _ 

""Specimen  growth  after  coldwork  (In  1 :  0.010  i.n  15. 

Specimen  growth  after  ream  (in.) ; _ No  change _ 

Specimen  growth  after  countersink  (in  );  No  change  . 


Hole  spacing  (in. I ; _ 

Nominal  hole  size  (in  ); 
Edge  margin. _ 


3/4 


1-y»  in. 


""Bow  direction 


I  Direction  of  coidworK 


(t)  Indicates  bow  as  shown  m  sketch 
(-)  Indicates  bow  in  opposite  direction 


b 


Edge  distortion 


Value  indicates  amount  of  side  bow 


'Measurements  taken  alter  each  operation  indicated.  Some  of  the  difference 
mav  be  contributed  to  reamer  wander  and  temperature  variance 


PHASE  I-  TASK  4A-E0GE  MARGIN  AND  HOLE  SPACING  DATA 


(♦)  If  tiicaies  bow  as  shown  m  sketch 
(')  ixjicates  bow  in  opposite  direction 


d*itorlion 


•r.dicatcs  omo’jri!  5?d»  ty>w 


^■Mewurefntnu  lake'*  ««f!or  each  operation  indicated  Stmre  <»l  tne  ddlerenre 
may  be  rontribkiled  to  reamer  wander  and  temperature  wanance 
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PHASE  l-TASK  4A-EDGE  MARGIN  AND  HOLE  SPACING  DATA 


SPECIMEN  NUMBER:  IQ  S _  DATE:  7^5/73 

TEST  CONDITIONS 

Specimc  Description 

Material:  300  M  steel 

Material  gage  (in  ):  0-75 
Size  (L  X  WHin)-.  15x2.25 
Numer  of  holes:  .  ^ _ 

Coldwork  Information 

Coldwork  process;  Push,  no  sl<  ve _ 

Mandrel  taper  (in.  tn.):  00^5 _ 

Mandrel  diameter  (in  );  0-7225 

Expansion  (in  ); _ 0.035  &  0.046 

RESULTING  DATA 

Edge  bulge  at  holes,  average  (in  ) :  0  004  (.035  interf.  )  &  .0055  (.046  interf.) 

Edge  bulge  between  holes,  average  (in  );  None  (both  cases) _ 

®Bow  after  coldwork  (th  ): _ 0-026 _ 

'‘Sow  after  ream  and  countersink  (in  i.  0.026 _ 

*^Edge  distortion  after  coldwork  (in.):  None 

^Specimen  growth  alter  coldwork  (in.l:  0.011  in  15 _ 

Specimen  growth  after  ream  (in.l: _ No  change _ 

Specimen  giowt'n  after  countersink  (in  ):  No  change _ 


Hole  spacing  (in  I : 

Nominal  hole  size  (in  ):  2/4 

Edge  margin.  _ ''S  in. 


^6uw  direction 


^  Oirecuon  of  culdwoik 


i*)  liiUicates  bow  as  sfiow-n  in  sk  .-u.h 
(-i  Indicates  bow  m  opposite  dnection 


^Edge  distortion 


Val.it-  intiicates  amount  of  side  t>o-.v 


^Measurements  talsei-.  afti’i  each  operation  indicated  5unie  of  tt-.o  ddfeipnr'i- 
mav  be  contributed  to  reamer  wander  and  tc-moerature  variance 


f 
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PHASE  l-TASK  48-MATERIAL  TAPER  EFFECT 


I 


Before  coldworking'.  Center  of  top  of  hole,  0.0025  in.  toward  180*  and  0.0015  in.  toward  90* 
After  coldworking;  Center  of  top  of  hole,  0.0010  in.  toward  180*  and  0.0025  in.  toward  90* 
Conclusion:  Center  of  top  of  hole  moved  0.0008  in.  toward  180*  (down  slope) 


SPECIMEN  S6,  300M  STEEL,  4*  TAPER 


Before  coldworkirtg;  Center  of  top  of  hole  0,0025  in.  toward  90*  from  center  of  bottom  of  hole 
After  coldworking:  Center  of  top  of  hole  0.0025  in.  toward  150  Irom  center  of  bottom  of  hole 
Conclusion:  Center  of  top  of  hole  moved  approximately  0.0017  in.  toward  180*  (down  slope) 
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PHASE  l-TASK  4C-LUBRICANT  VARIATION 
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PHASE  l-TASK  AC-SLEEVE  LUBRICANT  T 


PHASE  I -TASK  4C -SLEEVE  LUBRICANT  TESTS 


166 


Heat  dried 
before  use 


comparing  removal  characteristics  of  30  scarf  split  sleeves  with  standard 
sleeves  These  tests  showed  that  there  was  no  appreciable  difference  between 
the  two.  Close  examination  of  the  scarf  indicated  that  it  was  not  uniform. 


PHASE  l-TASK  4E-DIAMETER  CREEP 
0ATE-.2/6Z23 _ 


MAXIMUM  EXPANSION  (IN.); 
NOMINAL  HOLE  SIZE  (IN.)._ 
MANDREL  TAPER  (IN./IN. ):_ 
PROCESS 

MATERIAL  THICKNESS  (IN  ): 


Material 

tested 


2024-T851  (Al) 
■Ii-6AI-4V 


0.018-0.020 _ 

3/8 _ 

0.045 _ 

REAM. COLDWORK  REAM 
0.076 _ 


Hole  size 
(in.) 

Immediately 

One  hour 

24  hours 

after  ream 

after  ream 

after  ream 

0.3753/0.3754 

0.3752/0.3753 

0.3752/0.3753 

0.3753/0.3754 

0.3752/0.3753 

0.3752/0.3753 

PHASE  l-TASK  4F-MANDREL  FINISH  VARIATION 


DATE.  2/7/73 

MATERIAL: _ 2Q24-TH51  (All 

MATERIAL  THICKNSSS  UN.):  0,75 

NOMINAL  HOLE  SIZE  UN.): _ 3/8 _ 

MAXIMUM  EXPANSION  (IN.):  0.018-Q.Q2Q 

MANDREL  TAPER  (IN./IN.):  0.04B 

COLD)/VORK  PROCESS: _ Sleeve 


Hole 

no. 

Mandrel 

finish 

Force  (lb) 

1 

None 

2800 

2 

None 

2840 

3 

None 

2800 

4 

None 

2600 

5 

Vapor  blast  + 

Fel  Pro  300 

3000 

6 

2580 

7 

240C 

8 

2500 

9 

2480 

10 

2470 

11 

2780 

12 

2540 
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PHASE  I -TASK  5-MULTlMATERIAL  STACK  PROCESS  DATA 
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PHASE  l-TASK  5-MULTIMATERIAL  PROCESS  DATA 

TEST  OBJECTIVE 

To  determine  size  differential  in  aluminum  atxl  titanium  stack  after  final  ream  operation 

TEST  CONDITIONS 

a)  Material 

1)  Test  plate  1 -V  consists  of  0.0250  in. -thick  2024-T851  plate  +  0.250  in, -thick  Ti-6AI4\/  plate 
0,250-in.- thick  2024-T851  plate  (0.75  in.  total) 

21  Test  plate  2-V  consists  of  0.250-in. -thick  Ti-6AI4V  plate  -t-  1  .(X)  min. -thick  2024-T851  plate 
0.250-in. -thick  Ti-6AI4V  plate. 

b)  Sizing  method 

1)  Reaming  (0.3735-in.  diameter)  using  TB1  (freon) 

TEST  RESULTS 


a)  T est  plate  1  -V  as-reamed  hole  diameter  in  inches 
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PHASE  I -TASK  6-SIZING  PARAMETERS 


Aluminum  (2024-T851)-3/8-in.  nominal  diameter  hole  in  3/8-in. -thick  material,  0,019-in.  expansion 


Test  r''" .  I 
hole  no. 

Maximum  diameter 
at  exit 

Typical  hole 
size  requirement 
(in.) 

Material  to 
be  removed 
diameter  difference 
(in.) 

Comments 

D-1 

0.370 

1 

D-2 

0.369 

D-3 

0.370 

D-4 

0.370 

Reamed  five  holes  with 
0.373  reamer;  no  sign 
of  exit  not  cleaning  up. 

E8 

0.370 

o-„„0-3740 

0.003  min 

08 

0.369 

0.3730 

O.CX)7  max 

F2 

0.371 

F3 

0.369 

F4 

0.367 

G-1 

0.368 

_ 

Titanium  (Ti-6AI-4V) -3/8-in.  nominal  diameter  hole  in  3/8-in. -thick  material,  0.019-in.  expansion 


Test  Plate  VII 
hole  no. 

Maximum  diameter 
at  exit 

Typical  hole 
size  requirement 
(in.) 

Material  to 
be  removed 
diameter  difference 
(in.) 

Comments 

A1 

0.369 

81 

0.370 

Cl 

0.370 

01 

0.371 

Reamed  five  holes  with 
0.373  diameter  reamer; 

A2 

0.370 

„  .,-,.,«0-3740 
■  0  3730q  3y3Q 

0.002  min 

82 

0.370 

0.005  max 

all  holes  cleaned  up 

C2 

0.370 

02 

0.370 

E2 

0.370 

F2 

0.371 

G2 

0.370 

WKSDIW  PAoi  BUWK-NOT  TIUOD 
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PHASE  II  DATA 

Page 

PHASE  II  Fatigue  Summaries .  183 

TASK  1 -Base  Metal  Fatigue . . .  201 

TASK  2 -Basic  Open-Hole  Fatigue . .  219 

TASK  3— Basic  Filled-Hole  Fatigue .  26\ 

TASK  4— Process  Variation  and  Application  Fatigue .  317 

TASK  5 -Cost  Analyses . .  . . 421 
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A.  ALUMINUM 


V 

Task  1  (base  metal) 

Stress  (ksi) 

Cycles 

1)  2024-T851 

30 

370,000 

510,000 

468,000 

25 

810,000 

1 5,576,000  NF 

1 ,660,000 

35 

239,000 

219,000 

40 

1 1  2.000 
143,000 

2)  7175-T736 

30 

8,022,000 
8,156,000 
10,123,000  NF 

Task  2  (open  holes) 

1)  2024-T851 

a)  Honed  holes 


b)  Reamed  only 


Stress  (ksi)  Cycles 


c)  C/W  and  postreamed 


30 

39,000 

46,000 

47,000 

30 

45,000 

47,000 

37,000 

25 

46,000 

52.000 

20 

219,000 

35 

1 1 .000 
10,000 
59,000 

40 

1 4,000 
15,000 

25 

975,000 

366.000 

12,700.000 

35 

96.000 

1 14,000 

» 


I 
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40 

35,000 

38,000 

2)  717S-T736 

a)  Reamed  only 

30 

45,000 

56,000 

69,000 

b)  C/W  and  postreamed 

30 

510,000 

618,000 

692,000 

Task  3  (ZLT-filled  holes) 

Stress  (ksi) 

Cycles 

1)  2024-T8S1 

a)  Reamed -net-fit  Hi-Loks 

30 

696.000 

565,000 

127,000 

237,000 

205,000 

25 

404,000 

684,000 

35 

82.000 

79,000 

40 

52.000 

49,000 

b)  C/W  and  postreamed -net-fit  Hi-Loks 

30 

59 1 ,000 
950,000 
608,000 

25 

7,779,000  NF 
8,323.000  NF 

35 

31 1.000 
387,000 

40 

161.000 

149.000 

c)  Protruding-head  Taperlok 

30 

1,236,000 

947,000 

6.086.000 

2.662.000 

25 

10.075.000  NF 
1 .594.000 
10.164.000  Nl 

35 

328.000 

369,000 
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I 


1 

40 

237,000 

156,000 

1  1;  t 

I 

d)  100"-nush  head  Taperlok 

30 

147,000 

264,000 

196.000 

i 

25 

612,000 

i  ~- 

i 

661,000 

;  ;  1 

i  v: 

7175-T736 

a)  Reamed -net-fit  Hi-Loks 

30 

359,000 

1,007,000 

253,000 

! 

b)  C/W  and  postreamed- net-fit  Hi-Loks 

30 

513,000 

523.000 

293.000 

|1 

Task  4  (process/application  variations) 

Stress  (ksi) 

Cycles 

S , 
t ' 

1)  A112024-T851 

f. 

■ 

,  1 

a)  Open  holes 

90‘’-sleeve  split 

30 

382.000 

424.000 

335.000 

[-1 

C/W-as-drilled  hole 

30 

261.000 

491,000 

L 

226.000 

C/W-abusively  drilled  hole 

30 

1 10,000 
287,000 

93.000 

^  ' 

C/W -no  postream 

30 

43 1 ,000 
333.000 
330.000 

C/W  and  score  one  hole 

30 

300.000 

94,000 

393.000 

C/W  plus  1 /64-in.  postrcam 

30 

235,000 

249.000 

214.000 

C/W  plus  1 /32-in.  pwtream 

30 

283.000 

256.000 

285.000 

C/W  plus  1  / 1 6'in.  postrcam 

30 

312.000 
1 7  2,000 
22(<,O0O 
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.r...-- .ijiatanidhaj.  T-..J«iinaniMr.t 


Square  wire  sleeve 


30 


167,000 
339,000 
586,000 

0.060-in.-thick  material  30  48,000 

49,000 

65,000 

1- 1/2D  E/M;  51/4D  hole  spacing  30  855,000 

203,000 

325,000 

2D  E/M;  5-1/4  SP  30  504,000 

535,000 

253,000 

2- 1/2D  E/M;  5-1/4  SP  30  756,000 

393,000 

254,000 

2-1/2D  E/M;3DSP  30  339,000 

355,000 

380,000 

2-1/2D  E/M;4D  SP  30  300,000 

294,000 

272,000 

b)  ZET-filled  holes  (net-fit  Hi-loks  unless  otherwise  noted) 

One  hole  not  C/W  30  855,000 

703,000 

325.000 

C/W-~0.002  clearance.  Hi-Lok  694.000 

366,000 

697,000 

C/W-O.OOO  interference,  Hi-Lok  1 20.000 

185.000 

250.000 

C/W-  100°-csk,  after  1 .247,000 

950,000 

1,186,000 

C/W- 1  OO^-csk,  before  ’  1 69.000 

508,000 

213,000 

C/W -70‘’-csk,  after  290.000 

315.000 
19  1.000 

93.000 
515.000 


C/W -cracked,  before 


c)  ZLT-lS-hole  coupon,  fiUed  holes 


C/W  and  postreamed 

40 

149.850 

150,320 

135,990 

LLT-lS-hole  coupon,  filled  holes 

C/W  and  postreamed -one  at  time 

30 

265,000 

264,000 

288,000 

C/W  and  postreamed-production  technique 

40 

153,000 

146,000 

30 

273,900 

C/W-no  postream  -production  technique 

40 

154,600 

157,200 

165,500 

HLT-filled  holes 

C/W-net-fit,  O.OIO-in,  shim 

30 

580,620 

371,350 

500,440 

C/W-0.002  clearance,  O.OIO-in.  shim 

30 

281,720 

291.700 

355,200 

C/W-0,002  interference,  0.010-in.  shim 

30 

924,180 

655,880 

900,530 

C/W-net-fit  flush-head,  0.010-in.  shim 

30 

508,360* 

343,460* 

557,400* 

C/W-net  fit,  no  shim 

30 

294.7  20 
386,990 
399.190 

C/W-net  fit,  no  shim,  upset  removed 

30 

429,000 

674.690 

990,370 

Taperlok-O.OIO-in.  shirn 

30 

682,310 

741,500 

369,400 

Taperlok  flush  head,  0.010-in.  shim 

30 

1,422,000* 

517,810* 

548,000* 

•Test  specimen  design  did  iiol  produce  evalualion  of  couiiicrsmk  ^.viiic.oiiK  slunik  /one  properly  evjki.iU’d 
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Reamed  only,  O.QlO-in.  shim 


30  201,290 

151,220 
122,060 

C/W-0.060-in.  shim  30  365,020 

867,530 


B.  TITANIUM 


Task  1  (base  metal)  Stress  (ksi)  Cycles 


1)  Ti-6A1-4V  (ann)  80  4,051,000 

4,200.000 

85  591,000 

1 ,400,000 

95  605,000 

1,071.000 

100  188,000 

463,000 

2)  Ti-6A1-4V  (STA)  135  35,000 

115  87,000 

44,000 

3)  Ti-6A1-4V  (STOA)  115  113,000 

97,000 
1 1  7,000 

4)  Ti-6Al-6V-2Sn  (ann)  115  69,000 

53,000 
1 17,000 

5)  Ti-6Al-6V-2Sn  (STA)  115  103,000 

90,000 

60,000 

6)  Ti-6AI-6V-2Sn  (STOA)  115  189,000 

107.000 

148,000 


Task  2  (open  holes) 

1)  Ti-6AI-4V  (ann) 
a)  Honed  holes 


Stress  (ksi)  Cycles 


65 


4 1 ,000 
66,000 
58,000 

67,000 

43.000 


b) 


Reamed  only 


60 


65 


c)  C/W  and  postreamed 


Ti-6A1-4V  (STA) 

a)  Reamed  only 

b)  C/W  and  postreamed 


50 

55 


60 

50 

70 

65 


41,000 

39,000 

103,000 

142,000 

420.000 
5 1 ,000 
1 17,000 

1 17,000 
116,000 

1,576,000 

6.865,000 

70,000 

64,000 

88,000 

104,000 


70  26,000 

30,000 
36,000 

70  81,000 

83.000 
51.000 


3)  Ti-6A1-4V  (STOA) 

a)  Reamed  only 

b)  C/W  and  postreamed 


70  30,000 

32,000 
33,000 

70  70  00 

38.000 
58,000 


4)  Ti-6Al-6V-2Sn  (ann) 

a)  Reamed  only 

b)  C/W  and  postreamed 


70  51,000 

35,000 
28,000 

70  50.000 

70,000 
79,000 


5)  Ti-6Al-6V-2Sn  (STA) 
a)  Reamed  only 


70  22,000 

23,000 
24.000 
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b)  C/W  and  postreamed 


70 


6)  Ti-6Al-6V-2Sn  (STOA) 

a)  Reamed  only 

b)  C/W  and  postreamed 

7)  Ti-6AI-4V  (ann)  (3/4-in.-diameter  holes) 
C/W  and  postreamed 


76,000 

94,000 

72,000 


70  38,000 

38,000 
30.000 

70  67,000 

48.000 
55,000 


70  86,000 
54,000 
61.000 


Task  3  (ZLT-filled  holes 
1)  Ti-6Al-4V  (ann) 

Reamed— net-fit  Hi-Loks 


2)  Ti-6A1-4V  (STA) 

Reamed— net-fit  Hi-Loks 


Stress  (ksi) 

Cycles 

70 

90,000 

83,000 

78,000 

75 

47,000 

52,000 

65 

109,000 

92,000 

60 

246,000 

139,000 

70 

65,000 

74,000 

82,000 

3)  Ti-6A1-4V  (STOA) 

Reamed— net-fit  Hi-Loks 


70  82,000 

74,000 
69,000 


4)  Ti-6Al-6V-2Sn  (ann) 

Reamed-net-fit  Hi-Loks 


70  53,000 

43.000 
56,000 


5)  Ti-6Al-6V-2Sn  (STA) 

Reamed— net-fit  Hi-Loks 


70 


54,000 
4R  nn 


6)  Ti-6Al-6V-2Sn  (STOA) 

Reamed -not'fit  Hi-Loks 

Ti-6A14V  (ann) 

C/W  and  postreamed  with  net-fit  Hi-Loks 


7)  Ti-6A1-4V  (STA) 

C/W  and  postreamed  with  net-fit  Hi-Loks 

9)  Ti-6A1-4V  (STOA) 

C/W  and  postreamed  with  net-fit  Hi-Loks 

10)  Ti-6Al-6V-2Sn  (ann) 

C/W  a.'.d  postreamed  with  net-fit  Hi-loks 

1 1)  ri-6Al-6V-2Sn  (STA) 

C/W  and  postreamed  with  net-fit  Hi-Loks 


70  70,000 

52,000 

5 1 ,000 


1.830,000 

347,000 

698,000 

1,333,000 

2,273,000 

203,000 

199,000 

1 80.000 
137,000 


70  509.000 

468,000 
545,000 


70  1,580.000 

616,000 
146,000 


70  530,000 

487.000 
195,000 


70  143,000 

99,000 

1  1 0,000 


70 

65 

75 

80 


12)  Ti-6Al-6V.2Sn  (STOA) 

C/W  and  Postreamed  with  net-fit  Hi-Loks 


197,000 

90,000 

147,000 


13)  Ti-6A1-4V  (ann) 

a)  Protruding-head  Taperloks 


70  367,000 

689,000 
5,323,000 

75  3,086,000 

10,061,000 
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65 


7,788,000  NF 
7,774,000  NF 


60 

300,000 

1 

M  -  . 

i 

n 

7,602,000  NF 

■'g 

1’  b)  Flush-head  Tapcrloks 

70 

1,146,000 

-3 

P 

240,000 

r  . 

370,000 

t 

75 

372.000 

f  ' 

h- , 

99,000 

3 
.  ^ 

j 

65 

266,000 

1 

f  • 

1 

563,000 

.:3 

t 

60 

1,092.000 

j 

: 

2,602,000 

1 

Task  4  (process/application  variations) 

Stress  (ksi) 

Cycles 

-  1)  (all  Ti-6A1-4V  (aim) 

•i 

•-a 

-1 

a)  Open  holes 

-  j 

90'’-sleeve  split  (C/W) 

70 

179,000 

'  j 

87.000 

I'.l 

! 

79,000 

C/W  as-drilled  hole 

70 

63,000 

66,000 

66,000 

C/W-abusively  drilled  hole 

70 

47,000 

43,000 

- 

54,000 

C/W-no  postream 

70 

79,000 

' 

88.000 

f 

82,000 

C/W-score,  one  hole 

70 

85.000 

72,000 

76,000 

C/W  plus  1  /64-in.  postream 

70 

61,000 

1 

64,000 

64.000 

C/W  plus  1 /32-in.  postream 

70 

54.000 

-0 

76,000 

67.000 

C/W  plus  1/ 16-in.  postream 

70 

62,000 

67,000 

: 

54,000 
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C'/\V  siiuaiv  wire  sleeve  Uu>  resiilts.  see  data 

sheet ) 

O.OcO-in.-lhiek  material  C'/W  plus  postream 

70 

0 1 ,000 
50.000 
()  1 ,000 

1-1  /2D  l:/M ;  5-1/4D  hole  spaeiiig  C’/W 
plus  postream 

70 

46,000 

00,000 

68,000 

21)  1-  /M  .  5-1/41)  hole  spacing  t’/W  plus 
post  ream 

70 

40.000 

56.000 

52,000 

2- 1,  21)  5-1 /4D  hole  spacing  ('/W 

plus  post  ream 

70 

67,000 

63.000 

62,000 

2-1/2D  12,  M;  3D  hole  spacing  C’/W  plus 
postream 

70 

58,000 

8 1 .000 
74,000 

2-1  /2D  E./M;4D  hole  spacing  C’/W  plus 
postream 

70 

59.000 

104,000 

66,000 

Filled  holes  (ZLT)  -(net-fit  Hi-Loks  unless  otherwise  noted ) 

One  hole  not  C/W 

70 

1  19,000 
77,000 

1.286,000 

Q/\V_0. 002-in.  clearance,  Hi-Lok 

70 

153,000 

226,000 

179,000 

C/W-0.002-in.  interlerence,  Hi-lok 

70 

4.421,000 

6,836,000 

824,000 

C/W-esk  after 

70 

217,000 

212,000 

483.000 

C/W-esk  before 

70 

760,000 

757.000 

1 ,064,000 

C/W-70°-csk  after 

70 

555.000 

5'?0,000 

435,000 
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C/W-prefatigaed 
C/W-crackcd  before 

c)  ZLT- 1 5-hole  coupon,  filled  holes 

C/W  postreamed 

d)  LLT- 1  5'hole  coupon,  filled  holes 


CVW.  no  postreamed -production  technique  70 


C/W,  postreamed-2024-T8Sl  stringer  plus 
Ti-6A1-4V  (ann)  skin 


e)  HLT-filled  holes 

C/W-net-fit,  O.OlO  shim 

C/W-0. 002-in.  clearance,  O.OIO-in.  shim  70 

C/W-0.002-in.  interference,  0.010-in  shim  70 

C/W-net-fit,  flush  head,  0  0 10-in.  shim 

C/W-net-fit,  no  shim 

C/W-net-fit -no  shim,  upset  removed 

Taperlok  -protruding  head,  0.0 1 0-in.  shim  70 


70 

709,000 

431,000 

70 

3 1  2,0'JO 
92,000 
782.000 

70 

124,450 

122.210 

60,760 

70 

40,190 

31,840 

47,330 

70 

98.040 

187,150 

191,330 

40(A1) 

61,590 

64(Ti) 

79,170 

64,620 

70 

21,280 

22,500 

17,340 

70 

18,660 

20,640 

20.000 

70 

24,140 

24.700 

26,630 

70 

1  1,580 
6.200 

1 1,170 

70 

30.700 

39,950 

33,630 

70 

98,140 

36,180 

* 

31,890 

70 

73.970 

78.490 

62,280 
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Taperlok-nush  head.  0.010  shim 

70 

9,590 

8,450 

8,740 

Reamed  only  -net-fit  Hi-Lok 

70 

19,050 

18,060 

10,940 

300M  STEEL  (270/300  KSI) 

Task  1  (base  metal) 

Stress  (ksi) 

Cycles 

1 10 

10,000,000  NF 
10,000,000  NF 

120 

1 0,000,000  NF 

130 

591,000 

177,000 

2,558.000 

135 

364,000 

140 

84,000 

114,000 

Task  2  (open  holes) 

Stress  (ksi) 

Cycles 

a) 

Honed  holes 

105 

43,000 

34.000 

42,000 

b) 

Reamed  only 

100 

11 3.000 
400,000 

105 

1 39,000 
103.000 
75,000 

1 10 

48.000 

60,000 

115 

32,000 

49.000 

c) 

C;'W  and  postreamed 

100 

99,000 

132.000 

105 

54,000 

7  2,000 

7 1 ,000 

no 

4 1 .000 
62,000 

19! 


no 


46,000 


d) 

C/W  and  postreained  3/4-in. -diameter  holes 

100 

100.000 

75,000 

210,000 

Task  3  (ZLT- filled  holes) 

Stress  (ksi) 

Cycles 

a) 

Reamed  only  plus  net-fit  Hi-Loks 

100 

1 1  2.000 
237.000 

105 

97.000 

136.000 

1 10 

76.000 

90.000 

62,000 

115 

40.000 

51.000 

b) 

C/W  and  postreamed  with  net-fit  Hi-Loks 
(0.045  in. /in.  mandrels  taper) 

100 

673,000 

8,300,000 

105 

462.000 

4,203,000 

no 

141.000 

382.000 

252.000 

c) 

C/V  id  postream  with  net  fit  Hi-Loks 
(0  i30  in. /in.  mandrel  taper) 

110 

390,000 

349,000 

264,000 

d) 

C/W  and  postream  with  netfit  Hi-Loks 
(0.045  in. /in.  mandrel  taper)  (0.005  in. 
less  interference) 

1 10 

121,000 

1 1  8,000 
105,000 

e) 

C/W  and  postream  with  net  fit  Hi-Loks 
(0.015  in. /in.  mandrel  taper) 

1 10 

28''.000 

364.000 

76,000 

Task  4  (process/application  variations) 

Stress  (ksi) 

Cycles 

a) 

Open  holes 

0° -sleeve  process 

1  10 

93,000 

280,000 


90“-split  sleeve  process 


C/W  -no  postreain 

C/W  -score,  one  hole 

C/W  -as-Urilled  hole 

C/W  abusively  drilled  holes 

C/W  plus  1/64-in.  poslream 

C/W  plus  1/3  2-in.  postream 
C/  W  plus  I /'1 6-in  posireain 

0.060-in.-lhick  material 

1- 1/2D  E/M  ,  S-1/4D  hole  spacing 

2D  E/M;  5-1/4D  hole  spacing 

2- 1/2D  E/M;  5-1 4D  hole  spacing 

2-1 /2D  E/M  ,  3D  hole  spacing 


no  163,000 

128.000 
1  14,000 

no  428.000 

388.000 
208,000 

no  103,000 

67,000 
11 0.000 

no  266,000 

152,000 

252,000 

no  113.000 

1 50.000 
380.000 

no  65.000 

45.000 
59.000 

1  10  248.000 

1 2 1 .000 
209.000 

no  58,000 

72,000 
55.000 

no  71.000 

1  2,000 
47.000 

no  1 00,000 

1  70.000 
177,000 

no  78,000 

44,000* 
56.000* 

no  70,000 

72.000 
182.000 

no  91,000 

80.000 
116,000 


*Grip  failed 
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2-1 /2D  1:/M;4D  hole  spacing 


no  120,000 

145,000 

145,000 


b) 


c) 


ZLT  filled  holes  (net-fit  lli-Loks  unless  otherwise  noied) 


One  hole,  not  C7W 

no 

43,000 

52,000 

33.000 

C/W  0.002-in.  clearance,  Hi-Lok 

1 10 

71  1,000 
254.000 
283.000 

C/W  -0.002-in.  interference.  Hi-Lok 

1  10 

3.282.000 

108.000 

244.000 

C/W-lOO’-csk  after 

1  10 

9.993.000  NT 
7.760.000  NF 
1,510.000 

C/W  -70“-csk  after 

1  10 

935.000 

420.000 

2,547.000 

C7W-l00°-csk  before 

no 

38.000 

26.000 

36,000 

C/W-pre(atigued 

1  10 

343.000 
7,508,000  NF 

C/W- cracked  before 

1 10 

7,484.000  NF 
486,000 

HLT-filled  holes  (Hi-Loks) 

C/W- net-fit,  0.020-in.  shim 

1  10 

18,830 

17,240 

13.750 

C/W-0.(K)2-in.  clearance-fit.  0.020-in.  shim 

1 10 

14,850 

21.820 

1  7, 1  50 

C/W-0. 002-in.  interference  fii, 

0.020-in.  shim 

no 

20.350 

15,040 

21.930 

C/W-net  fit,  flush  head,  0.020-in  shim, 
side  plates  reduced  to  0. 1 25  in.  thick 

1 10 

7,910 

8.G90 

9,300 
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Stress  C  ycles  Stress*  Cycles 


Reamed  only  0  020-in.  shim 


C/W~  net  fit,  no  shim 


1 10 

4,220 

1  10 

4,220 

95 

8,040 

110 

2,500 

95 

9.320 

110 

3,000 

122 

7,150 

no 

10,000 

122 

9,660 

no 

15,000 

122 

11,770 

no 

20,000 

•Values  conveited  to  1 10  ksi  stress 
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Specimen  No.  R623077 


PHASE  II  TASK  \  -  BASE  METAL  VALUES 


TEST  NUMBER; 


II  Bole 


NOMINAL  EXPANSION  VALUE: 


GENERAL  TEST  CONDITIONS 

1  Specimen  Deicrlptlon 

Zero  Ipod  tronjfer 
Configuration:  t-'g  2 

Width:  1.50" 

Hole  tpocing : 

Edge  margin' 

Moteriol  :  2024  t  851 

Moteriol  gouge:  0 . 250“ 

Surface  Treotmenr  Shot  Peen 
Foslener:  None 


2  Hole  Preparation 

Nomlnol  hole  site: 
Proce«: 


2024 

Bose  Metal 
-  30k»i _ 


DATE:  1-15-73 


3 .  CW  Proceti 


Sleeve  type:  Axipl  Split 


Sleeve  ihicknett;  ^ 

Sleeve  orlentoti-  \  ^  _ 
CW  Mondr''  Q  9  _.jM- 

CW  M  2! 

\  v|Or  bio.  : 


Pel  Pro  300  (on  ileeve) 


Fatigue  Conditinni 

Net  ttreit: 

Te«t  lood; 

Lood  fotio:  I 

Tett  Frequency: 
Teit  Loborotory: 
Tett  Engineer; 
Teit  Moehlne; 


30  kil 
10,500  Ibi 

rt"'  on"" 


Origin  of  Failure 


[Tn=*  Token  ot  Minimum  (midpoint) 


i  i  M 


S  pecinnen  No,  R623077 


PHASE  II  TASK  I  -  BASE  METAL  VALUES 


TEST  NUMBER:  U  BASE 

NOMINAL  EXPANSION  VALUE; 


GENERAL  TEST  CONDITIONS 


1.  Specimen  Description  3, 


Zero  load  transfer 
Configuration:  E19  ? 


Width: 

1 . 50  " 

Hole  spocing: 

- 

Edge  morgiri: 

- 

Material : 

'2024T  851 

Moterlol  gouge ; 

C).250" 

Surface  Treatment 

shot  Peen 

Fastener ; 

None 

2-  Hole  Preparation  4 

Nominal  hole  size : 

Process: 


2024 

Base  Metal 
25ksi 


DATE: 


1-15-73 


CW  Process 


Sleeve  type;  Axigl  Split 
Sleeve  thickness; 

Sleeve  orientoli' 

CW  Mondr' ' 

CW  M  ^  V 
C'  \  j|or  Dio 


-0-N 


Fel  Pro  300  (on  sleeve) 


Fotigoe  Conditions 

Net  stress:  25  ks! 

Test  lood:  9,60iribs 

Lood  rotio:  (R1  "  0.  1 

Test  Frequency:  5000/minute 

Test  Loborotory:  Moteriols 

Test  Engineer:  D,  Reese _ 

Test  Mochlne:  Vibrophore  (36  Kip) 


§ 

?! 

S 

• 

0 

Hole  No. 

Hole  Diameter 

(inches) 

Hole  Finish 
(RHR) 

c 

0 

uJ  u 

IJi 

<1 

0 

a 

Retained 

Diametricol  Expar«ion 
(Inches) 

«/ 

W 

•  ^  *» 

£  "8 

Z  1 

f£ 

U  w 

X 

u 

Origin  of  roil  ore 

and 

Rematkt 

2 

c 

? 

•5 

& 

5 

U 

C 

0 

iA 

< 

LL.. 

Before  CW 

After  CW 

% 

V 

QC 

a 

-4 

810 

nm:3 

_ i _ 

-5 

vs  0  ^ 

15,576 

NF 

rr^  t 

No  Failure 

— 

[■ 

1 

_ 1 _ 

-10 

1 

' 

. 

L_J 

r 

1  ,660 

_ _ 

specimen  No.  R623077 


PHASE  II  TASK  1  -  BASE  METAL  VALUES 


TEST  NUMBER;  II  Bote 
NOMINAL  EXPANSION  VALUE; 


GENERAL  TEST  CONDITIONS  DATE;  1-15-73 

I.  Specimen  Description 

Zero  lood  transfer 
Configurotion;  fig.  2 

Width;  _  1  .SO" 

Hole  spocirtg; 

Edge  margin; 

Moteriol;  _ 2024  T  851 

Material  gouge  •  0.250" 

Surface  Treatment:  Shot  Peen 

Fastener:  None 


2.  Hole  Preparotion  4.  Fatigue  Conditions 

Net  stress:  40  ksi 

Test  load:  tz/SOlTlbs 

Lood  rotio:  (5^  ^  0.  1 

Test  Frequency:  5000/minute 

Test  Loborolory;  Moteriols _ 

Test  Engineer:  D,  Reese _ 

Test  Mochirse;  Vibrophore  (36  Kip) 


Nomlriol  hole  size : 
Process: 


2024 

Bose  Metal 
40  ksi 


W  IT  I  IUWC>> 


Sleeve  type:  Axiol  Split  ^  ^ 

... 


Sleeve  thickness: 

Sleeve  orientati' 

CW  Morsdr''  ^ 

CW  M 

I"  \  ~i|or  5^ 


\  - 
V  ,oM- 


-O-N 


Fel  Pro  300  (on  sleeve) 


Specimen  No.  R623077 

Hole  No. 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

_ _ 

Achjol  CW 
Oiamelricol  Expansion 
(IrKhes) 

Retained 

Diametrical  Expansion 
(Inches) 

e 

ii 

8  * 
Is 

>S 

Origin  of  Failure 

and 

Remarks 

a 

s 

£ 

£ 

After  CW 
[£> 

k 

$ 

Before  CW 

u 

k 

< 

d 

w 

«p 

* 

< 

-8 

112 

-9 

“1 

143 

EULJ 

#• 

nmD 

1 

— 

Token  at  Minimum  (midpoint) 
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PHASE  II  TASK  1  -  BASE  METAL  VALUES 


TEST  NUMBER: 


BASE  (7175  T736' 


NOMINAL  EXPANSION  VALUE: 


GENERAL  TEST  CONDITIONS 

1.  Specimen  Description 

Zero  load  tronsFer 
Corsfiguration:  Fig.  2 

Width: 


1  .50" 


Hole  spocing : 
Edge  margin: 
Moteriol : 


71>5t736 


Material  gouge : 


Surtoce  Treatment 
Eostener:  None 


Q  250" 

Shot  Peen 


DATE: 


4-5-73 


3 .  CW  Process 


Sleeve  type;  Axio 


Sleeve  thickness: 
Sleeve  orientoti 
CW  Mondr-- ' 

CW  M  K  V 


0-N 


0 


\  j|Or  Dio.  :  _ 

■  i:  Eel  Pro  300  Ion  sleeve) 


B 


►I 


2  Hole  Preporotion 

4.  Fatigue  Con^jltions 

1 

Nomirxil  hole  size : 

- 

Net  streii  1 

30  ksi 

w 

Process : 

T esf  (ood : 

11,250  lbs 

Lood  lotio: 

i.R)  0.  1 

^  7175 

T esi  frequency: 

5000/minute 

1.. 

v.  Bose  Metal 

] 

Test  Loborotory; 

Moteriols 

r 

-  . 

T esi  Ertgi  neer : 

D .  Reese 

i 

T esi  Mochine : 

Vibrophore  (36  Ki 

rs 

o 

n 

CN 

'O 

0£ 

o 

2 

c: 

V 

E 

u 

& 


-1 


-2 


o 

2 


Hole  Diameter 
(inches) 


u 

tl 

w 

£ 


sA' 


E 

a 

t! 

5 


Hole  Finish 
(RHR) 


5 

u 

V 

U 

S 

£ 


u 

V 

< 


I 

V 
Of 

V 

< 


JJ 

~0~S  'o 
u  Z'-' 

<  V 

E 

o 


lA 


rs 

5 

1st 

I 


V 


TciLL-rrot  Mini . .  (ii.nli...iitt) 


B  I 
il 

u  C- 
V 

u 


8,022 


8,156 


10,123 

NF 


Origin  of  Foilure 
ond 

Remarks 


CS3 


Lm3 


205 


pUlLjp|4L 
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PHASE  1 1 -TASK  1-  BASE  METAL  VALUES 


Failed  at  radius  intersection 


209 


.  nliuilii^.  ^11  LiwWlll..'u)iih  lliLl'^  Jjfljgwiu  > 


PHASE  -TASK  1-  BASE  METAL  VALUES 


Failed  al  radiui  intersectron 


fatigue  conditions 


z 

sU 

3 

0 


r* 


it 


I 

ij 

E 

> 

8 

.1 

1 

a 

s 

s 

GC 

1 

3 

o 

i 

iO 

s 

O 

E 

7 

5 

M 

3 


PHASE  H-TASK  1-  BASE  METAL  VALUES  _  /  Ti  6Ai  6V2Sn  Isioa). 

I  bate  metal. 

\  115kw 


214 


failed  at  radius  blend 


PHASE  II  TASK  1  -  BASE  METAL  VALUES.  _ 
300  M.  Bam  Metal.  110  KSI 


PHASE  II  -TASK  1-  BASE  METAL  VAj 


PHASE  II  TASK  2  -  BASIC  OPEN  HOLE  VALUES 


TEST  NUMBER; 


II  A  1 


NOMINAL  EXPANSION  VALUE: 


C LNERAL  TEST  CONDITIONS 

1  Specimen  OeiCfiptlon 

Zero  load  tranifer,  2  hole,  no  CSK 
Configuration:  Fig  2 

Width;  j'.50" 

Hole  spacing  :  1 . 5C  “ 

Edgemorgin:  0.75" 

Material:  2024  T  85 1 


0.375  '■ 


Material  gauge ! 

Surface  Treatment:  Shot  Paen 
Faitener:  None 


2  Hole  Preparation 

Nomirvjl  hole  size:  3/8* 

Process:  Drill,  ream,  Hone 


2024 

Honed  Open 
30  ksi 


DATE:  1-30-73 


CW  Process 

Sleeve  type:  Axio' 


\ 


Sleeve  thlcknes 
Sleeve  orie*' 

CW  Mr-  ^ 

CV'  r'ttr^^”' 

"S  .1  Major  Dio .  : 


V 


V  •  -2! 

^  .uO-CBM- 


-i:-n 


..non:  Pel  Pro  300  i,on  Tfeevd 


4.  Fatigue  Conditions 


Net  stress:  _30J<lL  ’ 

Testlood:  8.500  IbsT 

Lood  rotlo :  I R)  0. 

T est  Freouency : 

T est  Loborotory ; 

T est  Engineer ; 


5000/mlnute  _ 

Ai4oteflols 


D.  Reese 


Test  Mochine:  Vibrophore  (36  KIP) 


Specimen  No.  R-623078  | 

o 

Z 

4l 

0 

X 

Hole  Diameter 
(inches) 

Actuol  CW 

Diametricol  Expansion 
(Inches) 

Reloined 

Diametrical  Expansion 
(Inches)  [j^/> 

Cycles  to  failure 
(ThousarxJs) 

Origin  of  Foilure 

ond 

Remarks 

« 

c 

o 

X 

1 

1 

After  Hone 

1 

■ 

.. 

m 

.3755 

B 

B 

25 

39 

r-TiT.  ] 

2 

m 

.3755 

B 

B 

25 

B 

H 

■■ 

,3760 

25 

m 

46 

1  i|i  1 

■ 

15 

.3760 

- 

. 

25 

• 

m 

9 

B 

,3755 

- 

- 

20 

- 

- 

47 

l_4lj 

9 

1 

■ 

,3755 

•• 

L>J_J 

20 

- 

■ 

Token  of  Minimum  (midpoint) 


21‘) 


Specimen  No.  R-623078 


PHASE  II  TASK  2  -  BASIC  OPEN  HOLE  VALUES 

TEST  NUMBER:  ||  a  2 _ 

NOMINAL  EXPANSION  VALUE: 


GENERAL  TEST  CONDITIONS 


Specimen  Descriprion 


Zero  lood  transfer,  2  hole,  no  CSK 


Configurotion: 

Width. _ ^ 

Hole  spacing: 

Edge  margin  : 
Material : 

Matei  'q(  gauge  t 
Surfoce  Treotment 
Fastener : 


Fiq  2 

US0“ _ 

_ 0J51 _ 

2024  T  851 

Q.375‘' _ 

:  Shot  Peen 
None 


DATE:  1-30-73 
3 .  CW  Process 


Sleeve  type:  Axlol  ^  k  ^  ^ 

Sleeve  tfilcknesf  i  ^ 

Sleeve  orie'  o  V-  ^ 

CW  M  N  ^  '  .o-CBM- 

'' _ _ _ 

^  .el  Major  Dio.  ; 

-v-Qiion:  Eel  Pro  300  (on  sle 


Hole  Preporation 

Nomirwl  hole  size:  2/ 

Process:  Drill  &  Ream 


2024 

Reamed  Open 


Fatigue  Conditions 

Net  stress :  30  |< 

T est  lood  ;  g.SI 

Lood  rotio;  (R) 
Test  frequency: 
Test  Loborolory: 
Test  Engineer: 

Test  Mochine: 


5.000/tnlnuti 
MgtorIgJi _ 


VlkrAnkisrA 


Hole  Oiometer 
(inches) 


Hole  Finish 
(RHR) 


A 

I  si 

u  ':0' 

<  » 

£ 

o 

O 


£  1 

Origin  of  Foilure 

£  ? 

••  0 

ond 

- 

X 

U 

1  Remoiks 

Token  ot  Minimum  (midpoint) 


2:0 


PHASE  II  TASK  2  -  BASIC  OPEN  HOLE  VALUES 


TEST  NUMBER:. 


NOMINAL  expansion  VALUE:. 


GENERAL  TEST  CONDITIONS 

1,  Specimen  Oejcripfion 

Zero  load  franifer,  2  hole,  rto  CSK 

Configororion: _ - 

Width: _ Ljgi! - 

Hole  ipacirtg: _ ^  _ 

Edge  margin: _ Q  .75 - 

Material:  2024  T 851 

Material  pguge;  _ 

Surface  Trnnttnenr;  Peen 

Faifener: _ 


3-9-73 


PATE: 

3,  CW  Proceti 


Sleeve  type: _  < 

Sleeve  fhlckne' 

Sleeve  orl»  \  _ 

CW  Mr  0  _ 

Cl^'  -per: _ 

>1  Major  Dio,;, 
-rion: _ 


Hole  Preparation 

Nominal  hole  ilze:. 
Proceit: _ 


2024 

Reamed  Open 
20  k>i 


Fatigue  Condi tioni 

Net  itrei*: _ _ 

Test  lood! _ 5,675  lbs 

Lood  rotio!  ~  Q  -  ' _ 

Teit  Frequency:  5000/mioute _ 

Teit  Loboiatory: _ M^terlols - 

Teit  Engineer: _ D.  Reeje _ 

Teit  Machine:  Vibrophore  36  Ki 


Hole 

Diameter 

(Inches) 


Fastener 

Diameter 

(Inches) 


Net  Fit 
Between 
Fastener 
ond 
Hole 


Hole  Finish 
(RHR) 

After 

Ream 

1 

1 

? 

If 
“■  2 

ii£ 

U 

u 

65 

59 

65 

30 

o  1  o 

30 

2  ly 

Origin  of  Failure 
and 

Remarks 


35  ksi  (Not  Stress) 


specimen  No.  R-623078 


PHASE  II  TASK  2  -  BASIC  OPEN  HOLE  VALUES 


TEST  NUMBER.  ||  a 

NOMINAL  EXPANSION  VALUE: 


GlNERAL  test  CONDITIONS 


N30-73 


Spetimen  Description 

Zero  load  transfer,  2  fiole,  no  CSK 
Configuration:  Fiy.  2 

Width:  ]  II 

Hrle  spocing;  ]  50" 

Edge  morgin:  0.75“ 

Material:  2024  T  851 

Material  gauge:  0.375“ 

Surface  Treatment;  Shot  Poen 
Fastener:  None 


CW  Process 


Sleeve  type:  Axi-" '  k  ^ 


Sleeve  thickne'  ^ 

Sleeve  Of  _  0°' 

CW  M  .jOO-CBM- 

r'  ^  -'P*'  _ _ 

^  '  .el  Mojoi  6io,  : 


..otion:  Fel  Pro  300  |.on  sleeve) 


Hole  Preparation 

Ncminol  hole  si  ze:  3/8" 
ProceiS;  Drill  &  Reom 


2024 

Roomed  Open 
25  k»i 


Fatigue  Condllions 

stress:  25  ksl _ 

Test  lood:  7000  Ibi. 

Lood  rotio:  (R)  ~  0.  1 

Test  Frequency:  5000/ml  note 
Test  Loborotofy:  .A4aterlols 
Test  Engineer:  D.  Reeie  ~ 

Test  Mochine:  VIbroehore  n 


specimen  No,  R-6?3078 


PHASE  II  TASK  2  -  BASIC  OPEN  HOLE  VALUES 


TEST  NUMBER;  H  A  4 
NOMINAL  EXPANSION  VALUE; 


GENERAL  TEST  CONDITIONS 

,  Specimen  Dejcripfion 

Zero  load  tramfer,  2  hole,  no  CSK 

Configurotlon;  Pig  ?  _ 

Widfh:  _ 1.50" _ 

Hole  ipocing.  1 .50" _ 

Edge  margin;  n  .Ti" _ 

*^aferial:  ?n?4  X  _ 

Mo*erial  gauge;  0.375“ _ 

Surface  Trearmenf:  Shot  Pean 

Foitener: _ None  _ 

2 .  Hole  Preporotion 

Nominol  hole  size;  3/8“ _ 

Process:  Drill  &  Ream _ 


2024 

Roomed  Open 

35  k  I  1 


1-30-73 


3.  CW  Process 


Sleeve  type:  _ Av'  _ — 

Sleeve  thickr"  _ 

Sleeve  ■-  ^ _ 0° 

CV'  V  3300-CBM-  -0- 

^  ^  loper; _ 

\  .isdrel  Moior  Dio.  ; 

.  ^  .oricotion:  Fel  Pro  300~Ton  sleeve) 


Fatigue  Conditions 

Net  stress;  35 

Test  lood:  99; 

Lood  rotio:  ( 

Test  Frequency; 
Test  Loborotory; 
Test  Engineer: 
Test  Mochine; 


[specimen  No.  R623078 


PHASE  II  TASK  2  -  BASIC  OPEN  HOLE  VALUES 
TEST  NUMBER;  >1  M  (o) _ 


NOMINAL  EXPANSION  VALUE: 


GENERAL  TEST  CONDITIONS 
I.  Specimen  Description 


DATE: 


3-9-73 


CW  Proceti 


Zero  load  transfer. 
Configuration:  ___ 

2  hole,  no  CSK 

F,fl,  2 

WUtk. 

1 .50" 

Hole  spacirsg; 

1 .50" 

Edge  margin: 

0.75" 

Matartol: 

2024  T851 

Material  gouge: _ 

0.250" 

Surface  Treatment:. 

Shot  Peen 

Fosteneri  _ 

None 

Hole  Preparation 

Nominal  hole  size: 

3/^" 

Process: 

Ream 

2024 

Reamed  Open 

_ 35iai - 


Sleeve  type: _ 

Sleeve  thickn' 


Sleeve  or' 
CW  M 
O' 


V 


\ 


V 


.oper: . 


.,el  Major  Dio, 
.ation: _ 


4,  Fatigue  Conditions 


Net  streu: . 
Test  loadt_ 


35  ksi 
10, 000' 15 


Load  ratio;. 

Test  Frequency: 
Test  Loborotorys 
Test  Englneert_ 
Test  Mochinos_ 


W-PTI 

5000/mInute 


Moterials 


D.  Reese 

Vibfophore  (36  Kip) 


Specimen  No.  R623078 

Hole  No. 

Hole 

Diameter 

(Inches) 

After 

Ream 

Fastener 

Diameter 

(Inches) 

Net  Fit 
Between 
Fosterar 
and 

Hole 

Hole  Finish 
(RHR) 

After 

Ream 

Cycles  to  Failure 
(Thoosonds) 

Origin  of  Foilure 
and 

Remorks 

-11 A 

1 

.3732 

25 

27 

r~T]T  1 

2 

.3732 

- 

-12A 

1 

■  1 

.3733 

25 

1 

28 

r  iji~i 

2 


.3733 


specimen  No.  R-623070 


No.  R-623078 


PHASE  II  TASK  2  -  BASIC  OPEN  HOLE  VALUES 


TEST  NUMBER:  |  |  a  7 _ 

NOMINAL  EXPANSION  VALUE:  0.0185-0.020 


clneral  test  conditions 


2-9-73 


Specimen  Description 

Zero  load  tronsfer,  2  hole,  no  CSK 
Conflgotodon:  hi9  2 

Width: _ TTSO " 

Hole  spacing:  1^50“ _ 

Edge  rnargin-  0.75“ 

Moteriol  2024  T  851 

Moteriol  gouge:  0.250” _ 

Surface  Treotmenf  Shot  Paen 
Fastener:  None 


3 .  CW  Process 


Sleeve  type;  Axipl  Split 
Sleeve  thickness:  Q^QIQ “ 

Sleeve  orientation;  0° 

CW  Mondrel :  ST  5300 -C EM-  ^2  ~ 
CW  Mondrel  Toper;  0.Q45"/‘‘ 

CW  Mondrel  Mojor  Dio.  :  0. 3.^4 " 

Lubricotion;  Pel  Pro  300  (on  sleeve 


2  Hoi  e  Preporot  ion 

N om irsol  hole  size:  2/8" _ 

Process:  Drill,  reom ,  CW  &  reom 


2024 

C/\V  Open 
35  ksi 


Fotigue  Conditions 

Net  stress;  _ 

_ 9-9QQ  Ibi. _ 

Lood  rotio:  (R)  '  0.  I 

Test  Frequency;  "~50Q0>mlnute 
Test  Lotsorotory;  A^terioU 
Test  Engineer:  "p.  Raaia 
Test  Mochine;  VlbroohotB  f36  KlnT 


PHASE  II  TASK  2  -  BASIC  OPEN  HOLE  VALUES 


i'EST  NUMBER: 


HAS 


NOMINAL  EXPANSION  VALUE: 


0.0181-0.020 


GENERAL  UST  CONDITIONS 


DATE.  2-9-73 


Specimen  Doicriptlon 

3 .  CW  Process 

Zero  load  transfer, 

,  2  hole,  no  CSK 

Sleeve  type:  Axial  Split 

ConfigufQti  on 

Fit)  2 

Sleeve  thicRness:  O.OlO" 

Wi  dth  : 

1.50" 

Sleeve  orlentotion-  0° 

Hole  spacing: 

1.50" 

CWMondrel-  ST  5300-CBM-  12  -0 

Edge  morgin : 

0.75" 

CW  Mondrel  Toper:  0.045"/“ 

Moteriol  : 

2024 1  85 1 

CW  Mondrel  Mojor  Dio  :  0.354" 

Motcriol  gouge: 

0.250" 

Lubricotion:  Fel  Pro  300  (on  sleeve) 

Surface  Treolmenf: 

Shot  Peon 

FoJteneT ; 

None 

Hole  Preparation 

4.  Fatigue  Conditions 

Nomirsol  hole  siie 

• _ 2/8" _ 

Net  stress:  40  ksl 

Pfocesi:  Drill,  ream,  CW  &  ream 

11.400  lbs. _ 

2024 

C/W  Open 

40  ksi 


Lcxjd  rotio: _ 

Test  Frequency; 
T  eil  LoErorototy : 
T est  Engineer: 
Te»t  Mochine 


0,  I 


MateriQlt . 


VIbrophore  (36  KIpl 


§ 

oc 

0 

2 

c 

4) 

I 

*G 

s. 

Hole  No. 

Hole  Diometer 
(inches) 

Hole  Finish 
(RHR) 

Actvrol  CW 

Oiometrical  Expansion 
(ifKhes) 

Retained 

Diametrical  Exparsion 
(Inches) 

ii 

0  s 

-  »£ 

V  0 

X 

U 

Origin  of  Foilure 

ond 

RemoHcs 

Before  CW 

!a 

< 

After  reom 

Before  CW 

After  CW 

After  Ream 

-19 

1 

.3555 

.3665 

.3735 

40 

20 

30 

.0185 

.0110 

35 

a|iLJt 

c/w 

2 

.3555 

.3665 

.3735 

.0185 

.0110 

-20 

1 

,3560 

.3665 

.3735 

40 

20 

30 

,0180 

.0105 

1 

38 

r  jlE~'it 

— 

2 

.3555 

3665 

3735 

- 1 

- 

- 

.0185 

.0110 

'  C/'A' 

Token  Minimum  (midpoint) 


228 


Specimen  No.  R-623078 


PHASE  II  TASK  2  -  BASIC  OPEN  HOLE  VALUES 


TEST  NUMBER:  _ II  A  10(7175  T  736) 

NOMINAL  EXPANSION  VALUE:  p  019" 


GENERAL  TEST  CONDITIONS 


DATE: _ 4-15-73 


1  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 
Configuration:  Fig.  2 

Width:  _  I  ,50'' 

Hole  spacing _ 1 . 50 " _ 

Edge  margin:  0.75' 

Material:  7175  T  736 

Material  gauge :  0.250 

Surfoce  Treotmen~hat  Pnan  ~ 
Fastener:  None 


CW  Process 


Sleeve  type:  Axigl  Sn' 


Sleeve  thickness: 

Sleeve  orienta*’  _  ^ 


V 


V 


\ 


.BM- 


CW  Mondr' ■ 

CW  M'  ^  ■  _ 

C'*  V  ojor  Dio.  : 

\  •:  Pel  Pro  300  (on  sleeve 


0-N 


2.  Hole  Prepcration 


4.  Fatigue  Conditions 


Nomirsol  hole  siie:  3/8“ 

Process;  Reom.  CAV.  Ream 


7175 

C/W  Open 
30  ksi 


Net  stress; 

Test  lood; 

Lood  rotio; _ 

Test  Frequency: 
Test  Loborototy: 
Test  Engineer; 
Test  Mochine: 


-B.573  Ibt. 

(R)  07) 


5000/mlnute 
Moterlolt 


-Pt 


VIbrophore  (36  Klp1 


o 

Z 


o 

X 


Hole  Diometer 
(inches) 


5 

(j 


o 

1 


6 

I 

5 


Hole  Finish 
(RHR) 


5 

o 

<2 


5 

u 


if 

< 


A 

OJi-t 


o  o  "S 

U  ^  w 

<  V 

E 

o 

o 


lA 


17  9-.-^ 

r 


O  O  O 

••  -£ 
|OC  J  w 

»> 

E 
o 

o 


<2  -g 
£  ? 


u  C- 
>» 

L» 


Origin  of  Foilure 
and 

Remo  dr  s 


.3540 


.3670 


.3733 


35 


15 


40 


0190 


.3540 


.3670 


,3733 


.0190 


.0130 


510 


.0130 


CICE  It 

I  C/W 


-5 


.3540 

.3540 


,3670 

,3670 


.3735 

.3735 


35 


15 


35 


.0190 

0’?0 


.0130 

.0130 


H  618 


nw 


CAN 


-6 


.3.540'  .3665 

1  . - 


.3540!  .3670 


.3735  40 
.3735  - 


15 


,0190 

.0190 


.0125 

.0130 


692 


I  I  1  jl  to  ut  MiliimuMt  (lllldp-'lifjl) 


C/W 


PHASE  H-Ta<;k2  -  BASIC  OPEN  HOLE  VALUES 


!  I'i 
?  s 
hS 


2  ts  2  o 

o  a  o  ® 

d  ^  b 


^  o  o 

^  ir>  10 

u.  —  ^ 

< 

(C 


PHASE  II  -TASK  ?-  BASIC  OPEN  HOLE 


Bow  0  18  in 


PHASF  II  -TASK  2-  BASIC  OPEN  HOLE  VALUES _ /  Ti  6At-4V,sta 

\  C/W  open, 

_  V  70  k$i 


3  •ito.i 


PHASE  1 1  -TASK  2  -  BASIC  OPEN  HOLE  VALUES 


PHASE  l»  -TASK  2-  BASIC  OPEN-HOLE  DATA 


I  Ti  6Al  6V  2Sn  stod. 

PHASE  II  -TASK  2-  BASIC  OPFN  HOLE  DA.TA -  y  C/Wopen, 

V  70  ksi 


. '  .HF'’’'-'-'  . rfl'f-'- 


PHASE  n  -TASK2  -  BASIC  OPEN  HOLE  V 


PHASE  U  -TASK2  -  BASIC  OPEN  HOLE 


Large  7on« 


PHASE  II  -TASK2-  BASIC  OPEN  HOLE  VAI IIFR 
300  M.  Reanwd,  Open.  120  KSI 


I 


54 


PHASE  M  TASK  2- 


PHASE  II  -TASK2  -  BASIC  OPEN  HOLE  VALUES 
300  M,  C/W,  Open,  100  KSI 


256 


^Taken  at  minimum  (mirtpointl 


PHASE  II  -TASK  2  -  BASIC  OPEN-HOtE  V 


257 


» 


(luiodpioJj  Lunujiuiiu  jc 


PHASE  II  -TASK 2- 


^akpo  at  minimum  (midpoint) 


specimen  No.  R623079 


PHASE  II  TASK  3  BASIC  FILLED  HOLE  VALUES 


TEST  NUMBER;  3A  I 


NOMINAL  EXPANSION  VALUE: 
GENERAL  TEST  CONDITIONS  DATE;_ 


2-6-73 


1.  Specimen  Description 

Zero  load  transfer, 
Configuration: 

2  hole,  no  CSK 

Fig  2 

Width" 

1  .50" 

Hole  spacing; 

1  .50" 

Edge  margin: 

0.75" 

Material; 

2024  T85I 

Material  gauge; 

0.250" 

Surface  Treatment;. 

Shot  Peen 

Fastener: 

HILok  (Prot  HD) 

2.  Hole  Preparation 

Nominal  hole  size: 

3/8" 

Proe.jj;  mom,  insraii  ro! 
Foitaner  Iretollation  Torque: 


2024 

Reamed  Hilok 
30KSI 


3.  CW  Proceti 


220-2^  In/lb* 


Sleeve  type: _ 

Sleeve  thickne*'  ^ 
Sleeve  orle-  \ 

- 


CW  Mr 


CW 


V®’'*  - 


.1  Major  Dio.: _ 

-rion; _ 


4.  FoHgue  Condltioni 


Nef  irreu: _ 

Tei»  load: _ 

Lood  rotio! _ 

Te»»  Frequency; _ 

Te»f  Loborofory; _ 

TeJt  Engineer; _ 

Te$t  Machine; _ 


30  ktl.  ■ 
85(30  lbs 


(R)  =0.1 

500b/minute 


MoterloU 
D.  Reese 


Vibrophore  (36  kip) 


o 

Z 


o 

I 


Hole 

Diameter 

(Inches) 

After 

Reom 


Fastener 

Diameter 

(Inches) 


Net  Fit 
Between 
Fastener 
and 
Hole 


Hole  Finish 
(RHR) 
After 
Ream 


V 

B  ^ 

^  o 

O 

X 

U 


Origin  of  Failure 
ond 

Remarks 


-1 


.3735 


.3735 


.3737 


.0002 


45 


696 


.3735 


NET 


25 


CIIJ-J 


-2 


.3735 


.3735 


.3735 


NET 


35 


565 


.3735 


NET 


30 


cxrj 


-3 


.3735 

.3740 


.3735 

.3735 


NET 

.0005 


30 


127 


25 


i;  I  ns 


No.  R623079 


PHASE  II  TASK  3  BASIC  FILLED  HOLE  VALUES 

TEST  NUMBER5__i^il2 _ 

NOMINAL  EXPANSION  VALUEs - 1 - 


GENERAL  TEST  CONDITIONS 
1,  SpocImen  D«terlpMon 


HATP.  2-6-73 
3.  CW  Procau 


Zaio  load  franifar, 

Configuration: _ 

WIdthi - 

Hola  tpoclrtgt _ 

Edga  margin: _ 

Motarlal: _ 

Matarlal  gauga: _ 

Surfoca  Traatmant: 
Foitanar: _ 

Hola  Praparatlon 


2  hola<  no  CSK 
Fis.  2 

1  ;5(j" - 

TTC’’ 

0.75" _ 

2024  T85I 

0.250" _ 

Shot  Paen _ 

Hilok  (Prot  HD) 


Slaava  typo: _  „  n 

Slaava  thick’’  ^ 

Slaava  n  \  ^  - 

CW  V - 

.  lopor: _ 

•\  .idral  Mo|or  Dio,:, 
jrlcotlon:, _ 


4.  Fotigua  Conditions 


Nominal  hola  tit  a;  - - 

Procau:  Room,  Imtoll  Fattanor 

F oitanar  Imtollotion  Torquo  -  220/240  In/lbt 

/”■  2024  \ 

I  Reomad  Hilok  1 


Nat  itroM! _ 

Tatt  load: _ 

Load  rotio: _ 

Tait  Frequancy: 
Tatt  Laboratory; 
Tatt  Errginaart  — 
Tatt  Mochlna:_ 


30kti _ 

8500  11: _ 

=»0.1  _ 

5tX)0/mlnute  ~ 

Moterioli _ 

D .  Reeta 

Vlbrophore  (36Klp) 


Hola 

Dloniatar 

(Inehat) 


Foitorwr 

Dlomatar 

(Inchai) 


Not  Fit 
Batwean 
Fottaiwr 
and 
Hola 


Hola  Finish 
(RHR) 
After 
Ream 


Origin  of  Failure 
ar:d 

Ramorki 


1 

.3735 

.3735 

NET 

2 

.3735 

.3735 

NET 

I 

.3740 

.3740 

NET 

2 

.3745 

.3740 

-0005 

262 


Sp«cimen  No*  *^623079 


PHASE  II  TASK  3  SASIC  FILLED  HOLE  VALUES 


r 


r 


I 


t 


f 


» 


I 


» 


TEST  NUMBER: 


3A  2 


NOMINAL  EXPANSION  VALUE: . 


GENERAL  TEST  CONDITIONS 

1. 


DATE:. 


2-6-73 


Specimen  Description 

Zero  load  transfer. 
Configuration: _ 

2  hole,  no  CSK 

Fig  2 

Wirtth: 

1  . 50" 

Hole  spocing: 

1  . 50" 

Edge  margin; 

0.75" 

Material:  . 

2024  T 85 I 

Material  gauge: _ 

0.250" 

Surface  Treatment:. 

Shot  Peen 

Fastener: 

Hilok  (Pro:  HD) 

Hole  Preparation 

Nominal  hole  site: 

3/8" 

Process:  Ream, 

Install  Fastener 

Foitener  InitallaHon  Torque:  220-240  in/lbs 


2024 

Reamed  H'loL 
25ks; 


CW  ProcMi 


Sleeve  types _ 

Sleeve  shickneti* 
Sleeve  orle- 


V 


CW  M 

Q  \  .«!  Major  Dio.:. 

^  wotion: _ 


,  V  ' 

yer;. 


4.  Fatigue  Conditions 


Net  Jtreu: . 

Test  load;  _ 

Load  rotio;. 

Teit  Frequency:. 
Test  Laboratory:. 

Test  Engineert _ 

Test  Machine: _ 


25ksi 


(R)  -  0.  1 


7000  lbs 


5000/minute 


Moteriols 


D .  Reese 


Vibrophore  (361^) 


Specimen  No.  P623079 

Hole  No. 

Hole 

Diameter 

(Inches) 

After 

Ream 

Fastener 

Diameter 

(Inches) 

Net  Fit 
Between 
Fastener 
ond 

Hole 

Hole  Finish 
(RHR) 

After 

Ream 

Cycles  to  Failure 
(Thowsonds) 

Origin  of  Failure 
and 

Remarks 

-4 

1 

.3740 

.3735 

-.0005 

25 

404 

imi 

2 

.3745 

.3735 

-.001 

20 

-5 

1 

.3745 

.3735 

-  .001 

15 

684 

2 

.3745 

.3735 

-.001 

15 

- 

1 

cznu 

2 

26.3 


PHASE  II  TASK  3  BASIC  FILLED  HOLE  VALUES 
TEST  NUMBER;  3A  3 _ 


NOMINAL  EXPANSION  VALUE; . 


general  test  conditions 

1,  Specimen  DeJcrIpHon 

Zero  load  fronifer,  2  hole,  no  CSK 

Configuration: _ f I?  ^ - 

Width:  _ 1-5C; - 

Hole  spacir^: _ L.50 - 

Edge  margin:  _ - 

Material:  _ 2024  T851 _ 

Material  gauge: _ ^  ZjQ - 

Surface  Tr»ntment:  -ihot  Feen _ 

FoJtener: _ Hilok  (Prot  HD) 

2.  Hole  Preparation 


2-6-73 


DATE; 

3.  CW  Process 


Nominal  hole  slee:  3/B"  _ 

Process:  Ream,  Instoll  Fostener _ 

Fastener  Instollotion  Torque;  220-240  in/lbs 

2024  \ 

Reamed  Hilok  I 

_ 35ksi  _ _ / 


Sleeve  type: _ 

Sleeve  thlckne- 
Sleeve  or'  > 


“  .dper:_ _ 

.jrel  Major  Dio.;. 


'otlgue  Conditions 

Net  streu: _ 

Test  loods _ 

Lood  rotlo:  ^ 
Test  Frequency; . 
Test  Loboratory:. 
Test  Englneer!_ 
Test  Mochine: _ 


35  ksi 
9950  lbs 

--  0,1  _ 

5060/minute 

Moteriols _ 

D  ■  Reese 

Vibrophore  (3^ip) 


Hole 

DIometer 

(Inches) 

After 

Reom 

Faiterser 

Diameter 

(Inches) 

Net  Fit 
Between 
Fostener 
and 

Hole 

Hole  Finish 
(RHR) 

After 

Ream 

.3740 

.3740 

NET 

20 

— 

.3745 

.3740 

NET 

20 

.3745 

.3735 

-.001 

20 

,3740 

.3735 

-.0005 

20 

Origin  of  Failure 
and 

Remarks 


PHASE  II  TASK  3  BASIC  FILLED  HOLE  VALUES 
TEST  NUMBER;  3A  4 _ 

NOMINAL  EXPANSION  VALUE;  _ 

GENERAL  TEST  CONDITIONS  DATE; _ _ 


1.  Specimen  Description 

3. 

Zero  load  transfer 

,  2  hole,  no  CSK 

Configuration; _ 

f,g  2 

Wi/tih; 

1 . 50" 

Hole  spacing; _ 

1  .50" 

Edge  morgin: _ 

0.75" 

Mor^rinl: 

2024  T851 

Material  gauge; _ 

0.250“ 

Surface  Treatment: 

.  Shct  Been 

Fastener: 

Hilolc  (Prot  HD) 

2.  Hole  Preporotion 

4. 

Nominal  hole  size;  3/8 

Process; 

Install  Fastener 

CW  Procen 


Sleeve  type: _ 

Sleeve  thickne* 
Sleeve  orl' 

CW  ; 

A 


V 


V 


wper: 


,iel  Major  Dro . : 


.cation: 


Fatigue  Conditions 


Net  itreu; 
Test  load; 


40  ksi 
l,40O  Ibs‘ 


Lood  rotio;. 


2024 

Reamed  Hilok 
_ 40  ksi 


Test  Frequency: 
Test  Loboralory: 
Test  Englneer:_ 
Test  MochIne!_ 


~'AvTl/(nTHUtr 

Materials 


D .  l?eese 

VlbropKore  |36Kip) 


I 


o 

CO 

CM 

MD 

o 

Z 

c 

*u 

** 

Hole  No. 

Hole 

DIame  ter 
(Inches) 

After 

Ream 

Fostener 

Diameter 

(Inches) 

Net  Fit 
Between 
Fastener 
ond 

Hole 

Hole  Finish 
(RHR) 

After 

Reom 

Cycles  to  Follore 
(Thousands) 

Origin  of  Failure 
and 

Remorks 

-8 

1 

,3740 

,3735 

-.0005 

60 

52 

dljLJ 

2 

.3740 

.3735 

-  0005 

70 

-9 

1 

,3745 

.3736 

-.0J.9 

20 

49 

■aa 

2 

,3745 

.3735 

-.001 

20 

1 

■ 

_ 

iixrz5 

_ 1 

2f->5 


Specimen  No.  R623079 


PHASE  II  TASKS  -  BASIC  FILLED  HOLE  VALUES 


-I"-— 


GENERAL  TEST  CONDITIONS 
I.  Specimen  Description 


Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 
Configuration:  _ ^ _ 

Width: _ '-so;;  _ 

Holi:  spacing; _ _ 

Edge  margin:  _ Q.75 _ 

Material:  _ 2024  T8SI _ 

Material  gouge: _ ^  ^50" _ _ 

Surfoce  Treatment;  Shot  Paen _ 

Fastener:  _ _ Hilok  (Prot  HD) 

Hole  Pteporotion 


TEST  NUMBER;  3A  5  (2024)  . 

NOMINAL  EXPANSION  VALUE:  0.018"  -  0.020" 

IS  DATE:  2-8-73 _ 

3.  CW  Process 


CW  Process 

Sleeve  type: 

Sleeve  thickness:  _ — 

Sleeve  orientation:  _  V _ _ 

CW  Mondrel:  ST  5300-CBM-I2  -0-N 
CW  Mandrel  Toper:  0.045"/' 

CW  Mandrel  Mojor  Dio . :  3738 

Lubrication:  .Fei  Pro  300  (on  sleeve) 


Eotigue  Conditions 


Nominal  hole  sl*e:  3/8  ' _ 

Process;  Ream,  Install  Fostener 

Fastener  Installation  Torque:  220-240  in/lbs 

2024  \ 

I  CA^  Hilok 


Net  stress: _ 30  ksi  _ 

Test  load;  _ _ 8,  SOO  lbs 

Load  rotio;  CR)  =  0. 1 _ 

Test  Frequency;  SOOOTminute 
Test  Inhnmtory!  Moteriols 
Test  Engineer; 

Test  Mochine:  Vibrophot 


Hole  No. 

Hole 

Diameter 

(Inches) 

After 

Ream 

Fastener 

Diameter 

(Inches) 

Net  Fit 
Between 
Fastener 
and 

Hole 

Hole  Finish 
(RHR) 

After 

Reom 

Cycles  to  Failure 
(Thousonds) 

1 

.3730 

.3737 

.0007 

20 

591 

2 

.3730 

.3737 

.0007 

20 

.3730 

.3735 

.0005 

25 

950 

2 

.3730 

.3737 

0007 

30 

1 

.3730 

.3736 

.0006 

20 

608 

2 

.3730 

.3737 

.0007 

25 

Origin  of  Foilure 
and 

Remorks 


266 


PHASE  II  TASK  3  -  BASIC  FILLED  HOLE  VALUES 
TEST  NUMBER;  3A5  (7175)  _ 


NOMINAL  EXPANSION  VALUE: , 


GENERAL  TEST  CONDITIONS 


DATE: 


4-6-73 


I.  Specimen  Deicripflon 


3.  CW  Process  None  Used 


Zero  load  transfer,  2  hole,  rso  CSK 

Fio  7 


Sleeve  f/pe; . 


WiHfh. 

1 .50" 

Hole  spacing: 

1 .50" 

maratni 

0.75" 

Matarlols  7175  T  736 

Material  gauge: 

0.250" 

Surface  Treatment:. 

Shot  Peen 

Fastener: 

Hilok  (Prot  Hood) 

X  ,,er:. 


Sleeve  thickness*' 
Sleeve  orle*- 
CW  M- 

.1  Major  Oio 


V 


^  vtlon:. 


2,  Hole  Preparation 


4.  Fatigue  Conditions 


Nomlnol  hole  sixes  _ 

Process:  Ream,  InstollFastener 


Fastener  Installation  Torque:  225-iSO  in/lbs 


Net  streu: 
Test  loodt- 


30  ksi 
H.SbU  lbs' 


Lood  ratio:  "O' 

Test  Frequency!  5000/m_lnute^ 


7175 

Reamed  Hilok 
30  ksi _ 


Test  Laboratory:. 

Test  Engineer: _ 

Test  Moehlne: _ 


Materials 


D  ■  Reese 

Vibrophore  (36  Kip) 


Specimen  No.  R623079 

Hole  No. 

Hole 

Diameter 

(Inches) 

After 

Ream 

Fostersar 

Diameter 

(Inches) 

Net  Fit 
Between 
Fastener 
ond 

Hole 

Hole  Finish 
(RHR) 

After 

Ream 

t 

"sf 

u.  E 
£  1 
s  ^ 

U 

X 

u 

Origin  of  Failure 
and 

Remarks 

-1 

1 

.3735 

.3735 

0 

35 

359 

\  j  F  ■ 

2 

.3735 

.3735 

0 

' 

-2 

1 

.3735 

.3735 

0 

35 

1,007 

2 

.3735 

.3735 

0 

- 

-3 

1 

.3735 

.3735 

0 

40 

253 

1  4^ 

2 

.3735 

3735 

0 

- 

2hl 


PHASE  II  TASK  3  -  BASIC  FILLED  HOLE  VALUES 
TEST  NUMBER!  ^A  6  (2024)  _  _ 


NOMINAL  EXPANSION  VALUE:  0  018"  -  0.020" 
GENERAL  TEST  CONDITIONS  DATE;  - 


1. 


2. 


Specimen  Description 

3. 

Zero  load  transfer, 

,  2  hole,  no  CSK 

Configuration: 

Fig  2 

1  .50" 

Hole  spacing; 

1  ..50" 

Edge  margin: 

0.75“ 

Material: 

2024  T  851 

Material  gouge: _ 

0.250" 

Surfoce  Treotment; 

.  Shot  Peen 

Fastener: 

Hilok  (Prot  Head) 

Hole  Preparation 

4. 

Nominal  hole  size 

,  3/8" 

Process:  ' 

Ream,  1  ratal  IF  ostener 

Fastener  Installation  Torques  220-240  in/lbs 

CW  Proceis 


2024 
C/W  Hilok 
25  k>; 


Sleeve  type; _ Axial 

Sleeve  thicknest:. 

Sleeve  orientation;  _ _ , _  _ 

CW  Mondrel:  ST  5300-CBM-I2 -0-N 

CW  Mondrel  Toper;  0^45"/" 


0.010" 


CW  Mandrel  Mqlor  Dio.;  0-3738'' 
Lubrication:  Fel  Pro  300  (on  sleeve) 


Fatigue  Condition} 


Net  Itreu!  _ 
Teit  load!_ 
Lood  ratio:. 


25  kjl 

TTWTET 


Test  Frequency:. 
Te}f  Labotatory: 
Te»t  Engineer:  — 
Teit  Mochlnet  — 


(R)  j--o.r _ 

5000/minute 
MoterioU 
D .  Reese 

Vibropfiore  (36  IGpj 


Ov 

o 

CO 

'O 

oc 

6 

z 

c 

o 

E 

‘u 

Hole  No. 

Hole 

Diameter 

(Inches) 

After 

Room 

Fostener 

Diameter 

(Inches) 

Net  Fit 
Between 
Fastener 
and 

Hole 

Hole  Finish 
(RHR) 

After 

Reom 

Cycles  to  Failure 
(Thousands) 

Origin  of  Failure 
and 

Remarks 

1 

1 

.3730 

.3736 

.0006 

25 

7,779 

mm 

2 

.3730 

.3735 

.0005 

30 

-16 

1 

.3730 

.3738 

.0008 

25 

8,323 

Zjp=3 

2 

.3730 

.3738 

.0008 

I 

L. 

2 

- - - i 

r 


r 


» 


I 


i 


PHASE  II  TASK  3  -  BASIC  FILLED  HOLE  VALUES 
TEST  NUMBER;  ^ 

NOMINAL  EXPANSION  VALUE: _ -Ql^" 

GENtKAL  TEST  CONDITIONS  DATE;  .  4-6-73 


1. 


2, 


Sj  i-cinien  Description  3, 

Zero  load  tronsfer,  2  hole,  no  CSK 


Cnn  figurofion! 

Fig  2 

eVirifh* 

1 .50“ 

Hnie  ipocing? 

1  .50'’ 

Edae  moroin!  _  _ 

0.75" 

Material:  7t75  T  736 

Motcriol  gauge: _ 

0  250" 

Surfv-ce  TfeQtmenf;_ 

Shot  Peen 

Faitener: 

Hilok  (Prot  Head) 

Hole  Preporation 

Ncminol  hole  size: 

3/'8'' 

PfOfpss!  ^  Ream,  Install  Fastener 

Instollation  Torque  - 

225-250  in/1bs 

7175 

CW  Hilok 
30  ksi 


CW  Piocesi 

Sleeve  type: _ _ 

Sleeve  >hicl<nesi:  0.010' _ _ 

Sleeve  orientotion:  V  .  _ _ 

CW  Mondrel:  ST  5306-CBM-I2  -0-N 
C  W  Mandrel  Toper;  /'  ~ 

CVV  Mondrel  Mqior  Dio.; 

Lubricotion: _ Hel  Pro  300  (on  sleeve) 


Foli^oe  Conditions 
Net  stress: 

Test  load: _  5,450  lbs 


Load  rotio: _ 


W-o.i 

5000/minute 


Materiols 


Test  Frequency: 

Test  Loborotory;  _  _ 

Test  Engineer;  Reese _ 

Test  Mochine;  Vlbrophore  (36  Kip) 


I 


k- 


r 


1 

Hole  No. 

Hole 

Diometer 

(Inches) 

After 

Reom 

Fostener 

Diameter 

(Inches) 

Net  Fit 
Between 
Fostener 
and 

Hole 

Hole  Finish 
(RHR) 

After 

Reom 

«> 

W 

D  ^ 

:  J 

j 

>v 

u 

Origin  of  Failure 
ond 

Remorks 

B 

B 

.3740 

.3740 

0 

40 

513 

r  i-ji  .j'y 

2 

.3740 

.3740 

0 

- 

-5 

1 

.3735 

.3735 

0 

35 

523 

EliflZlY' 

2 

.3735 

.3735 

0 

- 

-6 

1 

.3735 

.3735 

0 

40 

293 

1  heac 

O+LJ, 

1 

.3735 

.3735 

0 

- 

269 


PHASE  II  TASK  3  -  BASIC  FILLED  HOLE  VALUES 


TEST  NUMBER: 


NOMINAL  EXPANSION  VALUE: , 


GENERAL  TEST  CONDITIONS  0/ 

1.  Specimen  D«icription  3. 

Zero  load  transfer,  2  hole,  no  CSK 

Configuration; _ F'9  2 _ 

Width; _ .145:; _ 

Hole  spa  ting; _ _ _ _ 

Edge  margin: _ 0 ■  ^3"  _ 

Moteriol: _ 2024  t  BSj _ _ _ 

Material  gouge;, _ _ . _ _ 

Surfoce  Treatment'  ^Ot  Peen _ 

Fastener: _ _ _ HilokTProt.  HeodT 

2.  I lole  Pieporotion  4. 

Norninol  hole  size; _ 3,'^  ‘  _ 

Process:  _ 5.'^'  ,~fnstoTf  Fostener 

f  astener  I  nstolTation  t orque ;  226-246Trs/1b5 

2024  \ 

I  C/V/  Hilok 

V.W _ 35  ksi  _  y 


0,018"  -  0.020" 
2-8-73 


C  vV  Process 

Sleeve  type;  Axiol  Split 

Sleeve  thiekneii;  ^  _ 

Sleeve  orientotipn;^ _  r _ 

CW  Mandrel; 

C  Moi^drel  Topft  r ! 

C  -Vondrel  Mojor  Dio.: 

L  ..  .K  oiion:  Fel  Pro  300  slee  ve) 


'  J..I  35  ksi 

—  •  — V— 


S  -K.3-  9-700  Itr- 

i:.uuKni;:~TO  =  O'’-. 

>S'  t  ivg.'eiK)  :  5000/mJnule 

iesi  L<i.,i  1(11'. I  >  :.  ,M_qteriolL _ 

l.  M  Reese _ 

T.'si  Mo\  M  Vlbrophore  (36  Kip 


Hole 

Oiometer 

(Inches) 


Fostener 

Diameter 

(Inches) 


Net  Fit 
Between 
Fostener 
and 
Hole 


Holf  Tinisn 
(Rtik) 
After 
Reom 


Or  igin  of  Fai  lure 
and 

Remorki 


1 

.3730 

.3737 

.0007 

25 

2 

3730 

.3736 

.0006 

30 

1 

.3730 

.3738 

.0008 

20 

2 

3730 

.3738 

.0008 

25 

Nut  Side 


r  ’ 


PHASE  II  TASK  3  -  BASIC  FILLED  HOLE  VALUES 


TEST  NUMfiER!__JLo_° _ _ 

NOMINAL  EXPANSION  ^/ALUE-  0-018"  -0.020 


GENERAL  TEST  CONDITIONS  DATE!_?±:;Z1 


1.  '  pecimen  Description 


Zero  lood  ^ronsfer^ 

2  hole ,  no  CSK 

ConfiguroHon;  _ 

F.9  2 

WIHfh  ? 

1 .50" 

Hole  jpocing: _ 

1  ..50" 

Efkie  moratn!  _  _ 

0.75" 

Moferial:  ^  2024  T  85) 

Material  gouge; _ 

0.250" 

Sorfoce  Treotment: 

Shot  Peen 

Fostener; 

Hilok  (Prot  Head) 

3.  CW  Procetl 

Sleeve  t/pe; _ Axiol  Split _ 

Sleeve  thickneii:  0.010" _ 

Sleeve  orlentotian!  0° _ 

CV/  Mandrel:  ST  5300-CBM-12  -0-N 

CW  Mandrel  Toper:  0.045  / _ 

CW  Mandrel  Molar  Dio  - :  0.3738 _ 

Lubrication:  Eel  Pro  300  (on  sleeve) 


2.  Hole  Preporotion 


4.  Fotigue  Condi tionj 


Nominol  hole  «lie:  3/B" _ 

Process;  C  AV  .  Reom,  Instoll  Fostener 
Fastener  Irtstollotion  Torque;  220-240  in,^bs 


Net  stress; _ 

Test  lood: _ 

Lood  rotio: _ 

Test  Frequency; 
Test  Loborotory: 

Test  Engineer: _ 

Test  Moehine:_ 


40  ksi 

Tr,350  lbs 

- 

S0007S>tnute 
Moteriols 
D.  Reese 

Vibrophore  136  Kip) 


0 

Zcs 

a 

Hole  No. 

Hole 

Diameter 

(Inches) 

After 

Reom 

Fastener 

Dlometet 

(Inches) 

Net  Fit 
Between 
Fostener 
and 

Hole 

Hole  Finish 
(RHR) 

After 

Ream 

Cycles  to  Failure 
(Thousands) 

_ _ 

Origin  of  Follure 
ond 

Remarks 

H 

1 

.3730 

.3735 

.0005 

25 

161 

t  T|i  -n 

Head  Side 

2 

.3730 

.3735 

.0005 

20 

-20 

1 

.3730 

,3736 

.0006 

25 

ijr^ 

Ngt  Side 

2 

.3730 

.3735 

.0005 

30 

1 

■ 

1  1  UP 

71 


Sp«cSm«n  No 


NOMINAL  EXPANSION  VALUE; 
GENERAL  TEST  CONDITIONS  DATE:_ 


2-13-73 


I,  Specimen  Detcriplion 


3,  CW  Procets 


Zero  load  fronsfer,  2  hole,  f«  CSK 

Configuration; _ ^^'9  1 _ 

Width; _ >  -50" 

Hole  spacing; _ 

Edge  moigin;  _ 

Material:  2024  T 851 


.50- 


Sleeve  type; _ 

Sleeve  thlckn'- 
Sleeve  n-'  \ 

CW  N  V 


V 


V 


0.75" 


lOper:. 


Material  gouge;  0  ■  250  ' 


C  ^ 

^ .Orel  Molor  Dio.; 

^ricotion; 


Surface  Treomient;  Shot  Peen _ 

Foitener: _ Toperlok  (Prot  Heod) 


Hole  Preparation 


4.  Fatigue  Condition: 


tr 


Nominal  hole  tlie;  3.'^" _ _ 

Proceu:  Ream.  Inttoll  Foitener _ 

Fastener  Installation  Torque:  220-240  In/lbs 


2024 

Prot.  Head  T.TL 
30  ksl _ 


Net  itreu: _ 3Q  Rti _ 

Test  load;  8,400  lbs 

Lood  ratio:  (R)-O.l _ 

Test  Frequeney!  5000/minute 

Tes;  Inhnmtnry*  Moteriols _ 

Test  Engineer;  D-  _ 

Test  Mnchine;  Vibrophore  (36  Kip) 


.  1 

^o. 

C^s 

Jzes 

M'O 

r 

— 

i 

“5 

X 

Head 

F'rotrosion 

(Inches) 

A‘*er 

Keom 

Foitener 

DIometer 

(Inches) 

Net  Fit 
Between 
Fastener 
and 

Hole 

Hole  Finish 
(RHR) 

After 

Reotn 

S 

o  ^ 

il 

U 

X 

U 

Origin  of  Foilure 
ond 

Remarks 

-23 

■ 

.232 

- 

30 

V.TTi? 

1 

B 

.228 

- 

- 

Nut  Side 

f 

B 

.229 

- 

- 

35 

6.086 

CI4IU 

2 

Head  Side 

B 

BB 

?0 

2,662 

2 

.230 

- 

- 

Head  Side 

''pnj]T'pi|^l|I’l”I^|ij^flfi;ilf|piii;;iin»'TPiii|-w|i»irt  . . . . . jir 


I 


PHASE  II  TASK  3  -  BASIC  FILLED  HOLE  VALUES 
TEST  NUMBER:  ^A  9b _ 

NOMINAL  EXPANSION  VALUE:  ~ _ 


GENERAL  TEST  CONDITIONS 


DATE: 


3-6-73 


Specimen  Description 

Zero  load  transfer, 
Configuration: _ _ 

3. 

2  hole,  no  CSK 

f,q  2 

w:/trh. 

1  50" 

HoU  ipocirig: _ 

1.50" 

Edoc  maroin:  _ 

C  75" 

Moterlal:  2024  T85I 

Material  gauge:  _ 

C.250" 

Surface  Treolment: 

:hot  Peen 

Fastener: 

Taperlok  (Proi  Heodi 

Hole  Preparation 

4. 

CW  Process 


Sleeve  types _ 

Sleeve  thlckrws*- 
Sleeve  orle'  \ 

CW  Mf  ^  V  . 
C'^'  ^r;. 


V 


\  .1  Mo|or  Dio.;. 

.  ^  ^riois: _ 


Fatigue  Conditions 


t 


t 


Nomlrsol  hole  size:  ^  ^ _ 

Process:  Peotr,  Instoll  Fpstener _ 

Fastener  Iruiallo^ion  Torque:  270-240  in  'ibs 


2024 

Pro .  Head  T  A. 
30  ksi _ 


Net  streu: _ 30  ksi _ 

Test  loods _ '^,*50  lbs _ 

Lood  rotlo;  IP'  =  0-1 _ _ 

Test  Frequenr-y:  SOOO/minute _ 

Test  Loborotory;  Motenqls - 

Test  Engineer:  D  Peese _ 

Test  Moehine;  Vih>0|isore  (36  Kip) 


1 

1 


t 


I 


d 

Z 

cS' 

f 

V 

o 

X 

Head 

Prorrusio- 

(Inches) 

After 

Ream 

Fastener 

Diameter 

(inches) 

Net  Fit 
Between 
Fotterser 
ond 

Hole 

OC 

X 

et 

.=  ^ 

i 

'T 

c 

o 

5  ^ 

s 

f  § 

iff 

w  ' 

X 

V 

Origin  of  Failure 
arsd 

Remarks 

-35 

1 

,224 

D 

225 

1  ,236 

f :  -O  j} 

2 

.237 

225 

1 

1  1 .1  -i 

"  1 

1 

1  XL.'D 

_ _ 

— 

PHASE  II  TASK  3  -  BASIC  TILLED  HOLE  VALUES 
3A-I0 


TEST  NUMBER:. 


NOMINAL  expansion  VALUE: . 


GENERAL  TEST  CONDITIONS 

1.  Specimen  DeicrIpHon 

Zero  load  tranifer,  2  holey  no  CSK 
ConflguroHon:  _ 

Width: _ 


DATE:. 


2-13-73 


F'9  ? 


I  .50" 


Hole  spacing:. 
Edge  margin:  _ 
Material: _ 


I  .50" 


0.75" 


2024 T  851 


Material  gouge: _ 

Surface  Treatment:. 
Fastener: 


0.250" 


Shot  Peen 


Tgperlok  (Prot.  Headi 


2.  Hole  Preparation 


3/8" 


Nominal  hole  site; 

Process:  Ream,  l^toll  Foit^er 


Foil  .ner  Installolion  Torque:  220-240  In/lbs 


2024 

Prot .  Heorl  T,/L 
25ksi 


CW  Process 


Sleeve  type: _ 

Sleeve  thickness; 
Sleeve  orlen* 

CW  M/-  ^  ? 

""  A 


V 


V 


wr:. 


Major  DIa. 


.otion: . 


4.  Fatigue  Conditions 


Net  streu: . 
Test  load:. 


25ksi 


Load  ratio:  (R)  -O.l 


7,000  lbs 


5000/Minute 


Mqteriols 


Test  Frequency:. 

Test  Laboratorys- 

Test  Engineers..^ _ 

Test  Moehlne:  Vibrophore  (36  Kip) 


D .  Reese 


it5 

9 

o 

Z 

• 

0 

I 

Head 

Protrusion 

(Inches) 

After 

Reom 

Fastener 

Diameter 

(Inches) 

Net  Fit 
Between 
Fastener 
and 

Hole 

Hole  Finish 
(RHR) 

After 

Ream 

e 

£  5 
It 

O 

>s 

U 

Origin  of  Failure 
and 

Remarks 

1 

.230 

- 

30 

10,075 

H^SSSl 

-lo 

2 

,231 

- 

-27 

— 

1 

.225 

- 

30 

1,594 

"  ljl-3 

2 

.231 

- 

- 

-22 

1 

.241 

- 

- 

45 

10,164 

IZZIZl 

2 

Li!__ 

- 

- 

I  „  ’ 

No  F  Ciilufe 

274 


NO.R623C79 


PHASE  II  TASK  3  -  BASIC  TILLED  HOLE  VALUES 


TEST  NUMBER;  3A  -11 


NOMINAL  EXPANSION  VALUE; 


GENERAL  TEST  CONDITIONS 


DATE;  ?-nz73 


1. 


2. 


Specimen  Description 

3. 

Zero  lood  tronsfer. 

2  hole ,  rso  CSK 

Configuration; _ 

Fi9  2 

WiHrhr 

1 .50” 

Hole  spocinp: 

1 .50” 

Edae  mflrain: _ 

0.75“ 

Moterial:  _  2024  T  851  _ _ 

Moteriol  gouge; _ 

0.250" 

Surface  Treatment;. 

Shot  Peen 

Fastener: 

T aperlok  (Prot .  Head) 

ttole  Preporotion 

4. 

Nominal  hole  size: 

3/8" 

Process:  Ream 

,  Install  Fastener 

Fosfener  Installation  Torque;  220-240  in/lbs 


CW  Process 

Sleeve  type: _ 

Sleeve  thicR  \ 

Sleeve  '■  o  ^  ^  _ 

CW  - 

.  Toper: _ 

.idrel  Major  Dio.: 
'  jflcotion: _ _ _ 


V 


Foligue  Conditions 

Net  stress:  _ _ 35  ksi _ 

Test  lood; _ 9,800  lbs _ 

Lood  rotio: _ ~  0- ' _ 

Test  Frpquerscy:  5000/irtinute _ 

Test  Lohrsmlnry  Moteriols _ 

Test  Engineer!  P-  Psose _ 

Test  Moehine:  Vibropbore  (36  Kif)  _ 


Head 

Protrusion 

(Inches) 


o 

Z 

<; 

O 

I 


After 

Ream 


Fastener 

Diameter 

Net  Fit 

Hole  Finish 

(Inches) 

Between 

(RHR) 

Origin  of  Foilure 

Fostener 

After 

”  c 

ond 

and 

Reom 

Cycles  to 
(Thousa 

Remarks 

MoU 

PHASE  II  TASK  3  -  BASIC  FILLED  HOLE  VALUES 
TEST  _ _ 


NOMINAL  EXPANSION  VALUE: . 


GENERAL  TEST  CONDITIONS 


2-13-73 


Specimen  Description 

Zero  load  transfer,  2  hole,  rro  CSK 

Configuration; _ ^ _ 

Width: _ LlSO;! _ _ _ _ 

Hole  spacing: _ _ 

Edge  margin:  _ 0-75 _ _ _ 

Material:  202^  T  851^ 

Material  gauge: _ *^-2^0" _ 

Surface  Treatment;  Shot  Peen 
Fastener: _ Toperlok  (Pro 


CW  Process 


0.250" _ 

Shot  Peen 

T  operloU  (Prot .  HeocJ) 


Sleeve  type: _  -  ^ 

Sleeve  thick'  \  ^ 

Sleeve  n  0  ''''  _ 

CW •  ^  - 

loper: _ 

idrel  Mojor  Dio.: 
.icotion: _ 


,  Hole  r.e.-tarolion 


4.  Fatigue  Conditions 


Nominol  hole  size:  3/^" _ 

Process:  _ Reom,  Install  Fastener _ 

Fastener  Installotion  Torque:  220-240  in/lbs 

Y'~~  20l4  N 

(  Prot .  Head  T /L  1 


Net  stress; _ AO  ksi _ 

Test  lood:  _  _ _ 

Loop  rotio: _ (R)  -  0.1 _ 

Test  Frequency:  5000/minute 

Test  l  oborotory: _ Moteriols _ 

Test  trsgineer: _ D ,  Reese 

Test  Mochine:  Vibrophore  (36  Ki 


Origin  of  Failure 
and 

Remorks 


2  .234  ^ 


Heodsid6  Foilure 


^  ^ 


im«n  No.R623079 


PHASE  II  TASK  3  -  BASIC  FILLED  HOLE  VALUES 
TEST  NUMBER!  3A_13 _ 


NOMINAL  EXPANSION  VALUE: . 


GENERAL  TEST  CONDITIONS 


DATE:  2-13-73 


I.  Specinn«n  D«scrlpHon  3i 

Zero  load  fionifer,  2  hole,  no  CSK 
ConflguraHon: _ ^'9-  ^ _ 


Hole  tpocirtg: _ '  ■  _ 

Edge  margin: _ " _ 

Moherlal: _ 2024  T  $51 _ 

Moferlol  gauge: _ 0-250" _ _ 

SurFace  Treotmenr;  Shot  Peen  _ 

Foitener: _ Toparlok  (100°  Heod) 


CW  Procasi 


Sleeve  F/pe: . 
Sleeve  Fhte^ 


.1  Toper: _ 

.itdrel  Major  Dio. i. 
^ricoFlon; _ 


Hole  Preportiflon 

Nominal  hole  size; .  3/8" _ 

Pfoceii;  Reom,  Instoll  Fpitener 
Fastener  Installation  Torque:  225-240  ' 

2  024  N 

(  100°  Head  T/L 

V _ _ aQksi__  y 


Fatigue  Conditions 

Net  stress; _ 

Test  lood: _ 

Lood  rotlo: _ 

Test  Frequenc/t. 
Test  Loborotory: 

Test  Engineer: _ 

Test  Mochine: _ 


30  ksi 
8,475  lbs 
(R)  =  01 
5000/mlnute 

Moteriols _ 

D  Reese 

Vibrophore  (36  Kip 


Head 

Profrusioi". 

(Inches) 


Fastener 

Diameter 

(Inches) 


Net  Fit 
Between 
Fostener 
ond 
Hole 


Hole  Finish 
(RHR) 
After 
Reom 


Origin  of  Failure 
ond 

Remorks 


PHASE  II  TASK 3  -  BASIC  FILLED  HOLE  VALUES 
TEST  NUMBER;  3A  14 _ 


NOMINAL  EXPANSION  VALUE: 


GENERAL  TEST  CONDITIONS 
1.  Specinnen  DescrlpHon 


3-9-73 


3.  CW  Process 


Zero  load  transfer 

,  2  hole,  no  CSK 

Sleeve  type; 

__ 

Configuroflon!  _ 

Fig  2 

Sleeve  thick 

\ 

Width: 

1  .50" 

Sleeve  o'  ’ 

Hftlo  «pncing* 

1.50" 

CW  0 

\ 

Edge  margin;  _ 

0.75" 

r 

loper; 

Material:  _ 

Moferlol  jmige;  0.250 - 

SurFace  Tree tinerrf:__ih2lf  1211, _ 

FosFener! _ T operlok  (Flush  HeoH) 

Hole  Preporotion  ^ 

Nominal  hole  size;  ^ _ 

Process;  Ream,  InsFoll  Fastener _ 

(  100°  Head  1/1 

V _ ■  25  ksi _  J 


-Qtion;. 


4«  Faflgue  Condt^lont 


Ner  jtreu: _ 

Test  loofF:  ,  JOQQ 

Lood  ratio;  , 

Tesr  Frequency;  5000/m im 

Test  Loborotory;.  _ 

Test  Engineer;  D  -  Reese 

Test  Machine;  VibropHore 


Head 

Protrusion 

(Inches) 


Fastener 

Diameter 

Net  Fit 

Hole  Finish 

(Inches) 

Between 

(RHR) 

U.  £ 

Fostener 

After 

and 

Reom 

Cycles  to 
(Thousc 

Hole 

After 

Ream 


Origin  of  Failure 
ond 

Remorki 


PHASE  II -TASK  3-  BASIC  FILLEDHOLE  O 


PHASE  II  -TASK  -I-  BASIC  FILLED  HOLE  DATA 


miiIh 'Mill  Jill  iiii!lil!l!tlh  i:iiii  jbiiiyiLii>illlt.iibilj^iLjilUiii3ftiii  laJiiriiiiilttkyijiJijiiL^^ 


PHASE  n -tasks.-  basic  filled 


'iiiJiuiil]liLilil‘:llLjLI. 


PHASE  II  -TASK  3  -  BASIC  FILLED  HOLE  liAlA 


289 


^TASKS' 


oi;<:  0 


298 


(Ti  6AI-4V, 

P'°' 


300 


.tuMl.'.  J'T  jijui'ii 


PHASE  II -TASK  3-  BASIC  FILLED  H 


No  failure 


PHASE  II  -TASKS  -  BASIC  FILLED  HOLE  VALUES 
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PHASE  »l  -TASKS 


'shank  trellmg 


Specimen  No.  R623080 


PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER:  4  a  \ 

NOMINAL  EXPANSION  VALUE: 


ENERALTEST  CONDiTlONS 

specimen  Uescrlpf  on 

Zero  load  tronifer,  2  hole,  no  CSK 
Configuroii on :  fig  2 

w  I  df h  _ TTsb^ 

Hole  spacing;  )  5Q" 

Edge  margin;  0./5  " 

Material:  2024  T  851 

Material  gauge;  0.250" 

Surface  Treatment:  Shot  Peen  _ 

fastener:  None 

Hole  Preparation 

Norr.ina!  hole  size:  *' 

Process  ream,  CW  &  reom 


90®  Sler-ve 
Open  Hols 


ALUE:  .019" _ 

DATE: _ 3-27  73 _ _  _ 

3  -  CW  Process 

Sleeve  type  Axigl  Split _ 

Sleeve  th  IcL ness:  0.010" 

Sleeve  orientation:  9  0° 

CW  Mondrel  :  SI  5300-CBA\-  12  -1, 

CW  Mondiel  Toper;  0.045 
CW  Mondiel  Mojor  Dia.;  3730" 
Lubrlcotlon:  Eel  Pro  300  ^on  sleeve' 


4.  Fatigue  Conditions 


Net  stress:  _ 30  ksi 

^ I  I ^  _ _ _ 8.500  lbs. . 

Lood  lotio:  IR'  0.  1 

Test  Frequency;  5000/minute 

Test  Loborotory:  /vVateriols _ 

Test  Engineer:  D.  Reese _ 

Test  Mochine:  Vibrophore  (  36  KIP) 


Hole  Diameter 
(inches) 


Hole  Finish 
(RHR) 


S  1.1  J  2 

S  o  to  V 


Origin  of  Failure 
ond 

Remotks 


.3540 

.3665 

.3545 

.3665 

.3545 

.3665 

.  3665  .  3735  60  30  35 


.3665  .  3735  55  20 


Token  ot  Minimum  (midpoint) 


,0185 

.0120 

.0185 

.0125 

.0190 

.0125 

,0190 

.0125 

r:iH.L; 

^  c/w 

Sleeve  Split 


Sleeve  Split 


3 


PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER;  4  A  2 _ 

NOMINAL  EXPANSION  VALUE:  .0|95» 


GENERAL  TEST  CONDITIONS 

1.  Specimen  Description  3. 


Zero  load  transfer 
Configurorion; 

,  2  hole ,  no  CSK 

f  iq.  2 

Width;  ~ 

1.50" 

Hole  spocing; 

1.50“ 

Edge  margin; 

0.75" 

Material ; 

2024  T  851 

Material  gouge: 

0.250" 

Surfoce  Treotment 

Shot  Peen 

Fosiener : 

None 

DATE:  4-17-73 _ 

CW  Process 

Sleeve  type:  Axipl  Split _ 

Sleeve  tfiickne'ji;  0,010" _ 

Sleeve  orientation:  _ 0^ 

CWMondrel:  ST  5300-CBM-  -0-N 

CW  Mondrel  Toper;  OiS "/“ 

CW  Mondrel  Mojor  Dio.  ;  " 

Lubricotion:  Pel  Pro  300  (on  sleeve) 


2  Hole  Preporofion 


4.  Fatigue  Conditions 


Nominal  hole  size ;  3/8"  Net  stress: 

ft  ^  r\  -il  w  .  I  i 


Process;*  Drill 

CW  4  ream 

Test  lood;  0  C9Q  llji. 

*0.111 

with  Preclsltjn  Drill 

Lood  rotio:  (R)  '  0.  1 

Test  Frequency;  SOOO/mlnute 

Test  Loborotory:  Materials 

Test  Engineer;  D.  Reese 

Test  Mochine:  VIbrophore  (36  KIP) 

^oldworked  Good  Drilled  How 

V  Open  y 

Specimen  No.  R623080 

Hole  No. 

Hole  Diometer 
(inches) 

Hole  Finish 
(RHR) 

c 

0 

o'o  -5 

iU 

‘1 

0 

‘a 

■g 

S'"  S 

■5  0  -s 

0  .y  c 

OC  ^  0 

V 

t 

0 

0 

V 

ii 

£  9 
^  2 
^  0 

-0^ 

u 

Origin  of  Foilvre 

and 

Remorks 

Before  CW 

After  CW 

D> 

E 

? 

% 

U 

V 

w 

0 

After  CW 

After  Ream 

1 

1 

.3730 

45 

20 

30 

.0185 

.0120 

261 

!"T>~Tt 

CA^ 

— 

2 

.3545 

.3665 

.3730 

■ 

■ 

.0185 

,0120 

■ 

■ 

.3545 

.3665 

,3730 

45 

20 

35 

.0185 

.0120 

EZiiOt 

B 

■1 

491 

c/w 

■ 

2 

.3545 

.3665 

.3730 

Bi 

■1 

Hi 

.0185 

.0120 

1 

.3545 

.3665 

.3730 

50 

25 

40 

.0185 

.0120 

226 

t=3$=>t 

-8 

2 

.3545 

.3665 

.3730 

- 

- 

- 

.0185 

,0120 

C/W 

^  }  >  1  uk  t  Cl  u  t  fr'  i  1 1 IMI  nil  (ilin  .  ,nit  ) 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


I 


» 


» 


t 


¥ 


TEST  NUMBER;  4  A  3 _ 

NOMINAL  EXPANSION  VALUE:  Q.QIBS" 


GENERAL  TEST  CONDITIONS 

DATE;  4-19-73 

1.  Specimen  Oetcriplion 

3 .  CW  Process 

Zero  load  transfer , 

2  hole,  no  CSK 

Sleeve  type;  Axial  Split 

Configurati  on : 

P.9  2 

Sleeve  thickness;  0.010" 

Width: 

\  .50" 

Sleeve  orientotion;  0° 

Hole  spacing: 

1.50" 

CWMondrel:  ST  5300 -CBM-  12  -0-N 

Edge  margin: 

0.75"  . 

CW  Mandrel  Toper;  0.045  V 

Mofer ioJ  • 

2024  T  851 

CW  Mandrel  Mojor  Dio.  :  353" 

Maferial  gauge! 

0.250" 

Lubricotion:  Fel  Pro  300  (on  sleeve) 

Surface  Treatment: 

Shot  Peen 

Fastener;  1 

None 

2.  Hole  Preparotion 

4.  Fotigue  Conditions 

Nomifx)l  hole  size 

;  3/8" 

Net  stress.  30  ksi 

Process:»Drill 

,  CW  4  room 

Test  load:  8.550  lbs. 

•  Abolively  Drilled 

Lood  rotlo;  (R)  '  0,  1 

Test  Frequency;  5000/minut^ _ 

Tejt  LobofOlory:  Moterloli 

Teit  Engineer:  p,  Re«,o _ 

Test  Mochine:  Vibrophore  (36  KIP^ 


» 


¥ 


Specimen  No.  R623060 

Hole  No. 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

1 

*1- 
udJ  e 

111 

U 

s 

■lA 

l.8l 

1 

5 

V 

ii 

Origin  of  Failure 

orsd 

Remarks 

H 

E 

i 

k 

*r 

'9. 

J 

u 

U 

.  4^ 

I 

-9 

1 

.3545 

.3670 

.3730 

130 

45 

30 

.0185 

.0125 

no 

■■Bl 

2 

.0185 

.0125 

-10 

1 

.3545 

.3670 

1 

.3730 

125 

40 

35 

.0185 

.0125 

287 

lIljLJ; 

“1 

2 

.3545 

.3670 

.3730 

* 

- 

- 

.0185 

■  1 

.0125 

C/rV 

-ll 

_J 

1 

2 

J 

.3545 

.3545 

_ 

.3730 

30 

.0185 

e0125 

93 

I-  -1 

1— ijk— >1 

.3730 

1 

- 

m 

.0125 

C/V 

Tuken  ot  Minimum  (midpoini)  [^HoInBell  Mouthed  [^Spiral  Gougn  In  Hole 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER:  4  A  4 

NOMINAL  EXPANSION  VALUE: 

GENERAL  TEST  CONDITIONS 

I.  Specimen  Deieription  3. 

Zero  lood  ironsler,  2  ho'e,  no  CSK 

Configuration:  Fiy  7 _ 

Width:  1 .50  " _ 

Hole  spocing:  1  .50" _ 

Edge  margin;  0.75" _ 

Material:  2024  T  851 _ 

Moierial  gouge:  0,250“ _ 

Surface  Treatment;  Shot  Peen _ 

Fastener:  None 


2.  Hole  Preparof ion 

Nomirsol  hole  size;  3/ 
Process:  _  reom,  CW 


No  Postream 
Open  Hole 


0.019“ 


DATE:  3-27-73 _ 

CW  Process 

Sleeve  type;  Axiol  Split _ 

Sl,;ve  thickness;  Q.QIQ'' _ 

Sleeve  orientation:  0° 

CW  Mandrel ;  ST  5300 -CBM-  12  -0-N 

CW  Mondrel  Toper;  0.045''/" 

CW  Mandrel  Mojor  Dio.  :  . 3730 “ 

Lubricolion:  Fel  Pro  300  (on  sleeve) 


4  .  fotigoe  Conditions 

Net  stress;  30  ksi  ^  _ 

Test  lood;  8.580  lbs. _ 

Lood  rotio:  (R^  0,  1 

Test  Frequency:  5000/m  Irtute 

Test  Loboroiory:  JVoterlgU _ 

Test  Engineer;  D.  Reese _ 

Test  Mochine:  Vlbrophore  (36  KIP) 


Specitssen  No.  R623080 

Hole  No. 

Hole  Oiometer 
(inches) 

L_ 

Hole  Firsiih 
(RHR) 

_ 

c 

.9 

V* 

Hi 

< 

E 

0 

0 

■tA 

r  V 

*6  0  "5 

Z  M  c 

t» 

E 

D 

0 

S 

ii 

B  § 

r  0 

-.t 

u 

Origin  of  Foilure 

ond 

Remains 

u 

• 

£ 

lA 

< 

E 

i 

k 

5 

Before  CW 

u 

£ 

< 

‘ 

After  Rears 

1 

-24 

1 

.3545 

.3665 

- 1 

35 

15 

.0185 

.0120 

431 

M— T-Mf  M 

1 

2 

.3545 

.3665 

« 

« 

.0185 

,0120 

1 

.3545 

.3665 

. 

30 

15 

0185 

0120 

1  '•  'Tfr-| 

-25 

333 

2 

.3545 

3665 

- 

- 

- 

- 

,0185 

.0120 

-26 

1 

.3540 

.3665 

- 

35 

20 

- 

0190 

.0125 

330 

HSSFSnSSHi 

2 

.3540 

i  . 

.3665 

.  -  .._J 

- 

- 

k.  ... 

- 

.0190 

.ul25 

_ 1 

I  ■.;i  e'l  u;  r.'.  It  1 1 1...  ,i(iti 


& 

i 

f 

L 


.3  20 


specimen  No.  R623080 


PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER;  ^  a  S _ 

NOMINAL  EXPANSION  VALUE:  0.0  19" 


GENERAL  TEST  CONDITIONS 


DATE;  3-28-73 


Specimen  Deicription 

Zero  lood  Ironifer,  2  hole,  no  CSK 
Configuration:  FiQ  2 

Width;  _ 1 .50” 

Hole  spacing:  1,50” _ 

Edge  margin;  0.75" _ 

Moterlal:  2024  T  851 

Moterial  gouge:  0.250" _ 

Surfoce  Treotment:  Shot  Peen 
Fostener:  None 


3 .  CW  Process 


Sleeve  type:  Axigl  Split _ 

Sleeve  thickness;  Q.OIQ " _ 

Sleeve  orlenfotion:  0° 

CW  Mandrel :  ST  5300-CBM-  12'  -0- 
CW  Mandrel  Toper;  0.045  "/" 

CVJ  Mondrel  Major  Dio.  :  ,3530" 

Lubricotion:  Fel  Pro  300  (on  sleeve) 


Hole  Preparation 

Nomirsol  hole  size:  3/3" _ 

Process:  Reom^  C/W,  Ream  A  Score  * 

*  90°  to  q 

C  Postscore  One  Hole  A 
Open  J 


4.  Fotigue  Cond.  i  ions 


Net  stress;  30  ksi  ♦  _ 

^06^  [bt. _ 

Lood  rotio:  (^R)  =0,1 

Test  Frequency:  5000/minute 

Test  Loborofory:  AAaterlols _ 

Test  Engineer;  D.  Reese _ 

Test  Mochine:  Vibrcphore  (36  KIP) 


Block  fretting  products  from  reaming  In  oil  holes  ond  fatigue  frocture 


specimen  No.  fi623080 


PHASE  II  TASK  A  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER:  4  A  6 _ _ 

NOMINAL  EXPANSION  VALUE.  0.019" 


GENERAL  TEST  CONDITIONS 

1  Specimen  Description 

Zero  load  transfer,  2  hole,  no  CSK 
Configuration:  Fg  ? 

Width;  _ ^1.50" 

Hole  spocirsg:  1.50" 

Edge  margin;  0.75" 

Material  2024  T  851 _ 

Moteriol  gauge;  Q.  250" 

Surface  Treotment;  Shot  Peen 
Eostener :  None 


DATE:  3-28-73 _ 

CW  Process 

Sleeve  type:  Axlgl  Split _ 

Sleeve  thickness:  _ 

Sleeve  orientation:  _ 0° 

CW  Morsdrel  :  ST  S300-CBM-  ^2 

CW  Mondrel  Toper;  0 . 045 
CW  Mandrel  Mojor  Dio.  :  ecgn" 
Lubrication:  Eel  Pro  300  (on  sleeve) 


Hole  Preparation 

Nominol  hole  size:  3/8" 

Process:  Ream,  CAV  &  Reom'Iful 


Full  1/64"  Posfream 
_ Open  Hole 


Eoligue  Conditions 

Net  stress;  gn  ksl  *  _ 

Testlood:  r  450  Ih.  ~ _ 

Lood  rotlo:  (R)  =  0.1 

frequency:  SQQQ/mlmite 

Test  Loborotofy;  A^terlali _ 

Test  Engineer:  D.  Reeie _ 

Test  Mochine;  Vlbrpphore  (  36  KIP) 


I  .->  Taken  ot  Minimum  (midpoint) 


Specimen  No.  Rd23080 


PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER:  4  A  7 _ 

NOMINAL  EXPANSION  VALUE:  Q.019" 

GENERAL  TEST  CONDITIONS  DATE: 


Specimen  Description 

Zero  load  Ironsler,  2  hole,  no  CSK 
Configjrollon:  ^ 

Width.  _ ^  <;n.. _ 

Holespocing;  ]  £Q " _ 

Edge  margin:  0.75" 

Moterial:  ~2024  T  851 

Material  gouge:  0 . 250 *' _ 

Surfoce  Treoirtrent:  Shot  Peen 
Eastener:  None 

Hole  Preparation 

Nomlnol  hole  size:  3^" 

Process .  Ream,  C/W,  Ream  1/32  o$ 


1/32"  Poitream 
Open  Hole 


DATE:  -  3-28-73 _ 

3 .  CW  Process 

Sleeve  type:  Axlgl  Split _ 

Sleeve  thickness'  Q.QIQ" 

Sleeve  orientation:  0° 

CWMonrIrel:  ST  5300-CaM-  12  -0-N 
CW  Mondrel  Toper:  0.045 '*/" 

CW  Mondrel  Major  Dio.  :  ,3530 " 

Lobrlcotlon:  Eel  Pro  300  (on  sleeve; 


Fotlgue  Conditions 

Net  stress;  30  ksi  ’  _ _ _ 

Test  load:  8.270  IbiT _ 

Lood  rotio:  i.R^  0.  ) 

Test  Frequency;  SCOQ/trsInute 
Test  Loborototy:  Moterloli  ~ 

Test  Engineer;  D.  Rceie _ 

Test  Mochine:  Vlbrophore  (36  KIP) 


Hole  Diameter 
(inches) 


< 


Hole  Finish 
(RHR) 


£ 


.3545  .3665  ,4075 


c 

J  & 

§st 

^  if 

c 

0 


IKIBBiHBIBMiBBBB 


4; 

w 

£  1 

Origin  of  Foilure 

0  S 

*“  o 

5*  0 

or»d 

41) 

»I=>'<D 

Remotks 

I  Taken  of  Mifiiiiiuni  (midpaint) 


3 


PHASE  li  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER: 


NOMINAL  EXPANSION  VALUE: 


0.019" 


GENERAL  TEST  CONDITIONS 


3-28-73 


Specimen  Description 

Zero  load  tronslei  ,  2  hole,  no  CSK 
Corsfigurolion :  ^lu  2 

SVldth:  _ 1  .50"  ' 

Hole  spocing.  \  50" 

Edge  morgin:  0.75" 

Moteriol  2024  T  851 _ 

Material  ^auge;  0.250“ 
"iurfoct  Tfeotmeni:  Shot  Peen 
Fo'-ttjnoi  Klcioe 


CW  Pfot 


ryoe:  Ax:0^  Split _ 

S-eeve  ihicknesv:  Q  QtQ " 

Mec-vt*  Of .itnfot ion :  0^ 

CW  MonOrel :  ST  53QQ'-0M^T2  -O-N 
C\V  Wondre!  loper  0,045 
C  '.V  Mondiei  Mojor  D'O.  :  ,3730" 

Li'bn<.o»^)n-  Fel  Pro  300  lonTFeeve) 


Ho'o  Prcporoflon 

Nynitnu'  bole  si  3^_TL}/16_". 

Places'.  Reom,  C/ttV,  Regrti  1/16  os 


1/16"  Ponreom 
Open  Hole 


I'o*’C|Erc  Conditions 


t  J*  !  SOkii  ■ 

T.  stl..od:  .  .  8^60_6  lbs.,  _ 

I  'Tod  torlo:  'R'  C.  1 

Test  l  „.4-,ency.  ^5000/«tm4e  ..  _ 

MoterloU  . 

lest  Lng.n.ei  J), 

t  »■*.(  Mocl>  1  nc  VI brophjore  (36  K IP) 


Origin  of  FoUure 


Token  of  Mini'i.iiii  {midpoint) 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER; 


4  A  9 


NOMINAL  EXPANSION  VALUE:  0.019" 


GENERAL  TEST  CONDITIONS 


3-29-73 


Specim«;n  Deicrlption 

Zero  load  tronsfer,  2  hole,  no  CSK 

Configuration-  F;9  ? _ 

Width: _ 1.50" _ 

Hole  spacing;  _ 1,50" _ 

Edge  tnorgin:  _ Q_75 " _ 

Moterial  :  _ 2024  T  8S1 

Moterial  gauge;  Q.gSQ'* _ 

Surfoce  Treofmenf;  Shot  Peen 

fo.tener;  None 


3 .  CW  Process 


Sleeve  type;  Squopg  Wlr* _ 

Sleeve  thickness:  Q.QIB" 

Sleeve  orientotion;  0° 

CW  Mandrel :  ST  S300-CBM- 

CW  Mondrel  Taper;  0,045 _ 

CW  Mondrel  Mojor  Dio.  :  .3530" 

Lubricotion:  Pel  Pro  300  (on  sleev 


2.  Hole  Preparation 

Nomirsol  hole  sije; 
Process: 


^  Sq,  Wire  Sleeve 
V  Open  Hole 

‘Trouble  encountered  with  wire  sleeve 
C/A/V  one  hole  twice  -  Gouge  In  Test 
Section  +  Mark  In  Hole 


Fotigue  Conditions 

Net  stress:  SQ  kti  I 
Testlood:  3  400  losT 
Lood  rotiO;  (R)  =  0.  I 
Test  Frequency;  jyjQQ^ 
Test  Loborotory:  Matafioli 
Test  Engineer;  p,  Raai, 
Test  Moehine;  Vlhranhoi 


Origin  of  Failure 


PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER  4  B  \ 


NOMINAI  EXPANSION  VALUE  .  O.0T9‘' 


GENERAL  TEST  CONDITIONS 

1.  Specimen  OeicripHon  ) 

Zero  lood  Ironiler,  2  lio'e,  no  CSK 
Configunofi'on:  Fig  2 

Widfh;  _ "  f 

Hole  ipacing:  )  .50" _ 

Edge  morgin; _ 0^75” _ 

Moferlol :  2024  T85T 

Moterial  gaoge;  0.060" 

Surfoce  Treotment:  Shot  Peen 
pQiier^er:  None 


pate  _  3-27-73 

>V  Ptoceii 

SUfve  type;  A«  ai  Si'll* 

Sleeve  ttiicRnesj;  6.010" 

Sleeve  oriervlollnn:  6® 

CWMondrel:  ST  SSOO-C'^-' Tz'  -0-N 
CW  Mondrel  Toper  0.045“/" 

CW  Mandrel  Mojof  & o7 :  13730" 

Lgbricotion:  Pel  Pro  OOO'Ton  ileeve) 


2. 


Hole  Prepofotion  4. 

Nominol  hole  size;  3/8" 

Process;  Drill,  reom,  CW  &  reom~ 


c 


,060  Gage 
Open  Hole 


3 


Fotigue  Conditions 

Net  stress:  30 IttI _ 

Test  lood;  2,150  ibe. 

Lood  roHo:  ERF  ~  0.  I 

Test  frequency:  ^SOO/mlnute 
Test  Lobofotory;  Moterlolt  ~ 

Test  Engineer;  D  Reese 

Test  Mochlne;  Vlbrophone  (36  K~l|i 


1 

• 

f 

’u 

n 

Hole  No, 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

_ 

Actool  CW 
Diametrical  Expansion 
(ttKhes) 

^  1.-. 

111 
QC  ^  ^ 

0 

Cycles  to  Failure 
(Thousands) 

— 

Origin  of  Foilure 

ortd 

Remorks 

• 

Ji 

After  CW 

[i> 

3 

Before  CW 

After  CW 

After  Ream 

1 

.3540 

.3665 

.3735 

40 

20 

30 

.0190 

.0125 

48 

- - — -1 

.3540 

.3665 

.3735 

- 

• 

• 

.0190 

.0125 

-2 

71 

-3735 

. 

40 

20 

25 

,0190 

.0125 

49 

r-T|ir-i  1 

'  CW 

2 

.3540 

.3665 

.3735 

■ 

■ 

.0190 

.0125 

■ 

.3540 

.3665 

.3735 

40 

- 1 

■0 

30 

.0190 

.0125 

65 

.3540 

.3665 

.3735 

- 

- 

- 

.0190 

.0125 

[}>  ToRer  ot  Mlnlmom  (midpoint) 
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specimen  No.  R623080 


PHASh  II  TASK  4  -  APPLICAI  K  I J  At  rl  f 


I'  I  .  ;  M. 


TtST  NUMBtR:  4C1 

NOMINAI  EXPANSION  \'AL'.U  0._0)9  Hole) 


GENERAL  TEST  CONDITIONS 
I  Specimen  Description 


PATE'  _ 

CW  Process 


3-30-73 


Zero  load  transfer, 

2  hole  ,  no  C5K 

Configuration; 

Fig  2 

Width. 

1.50“ 

Hole  spacing: 

1.50" 

Edge  margin: 

0,75" 

2024  T851 

Motetiol  gouge: 

0.250“ 

Surface  Treatment: 

Shot  Peen 

Fastener ; 

Prot  hd.  Hi-Lo'' 

Hole  Pfcpafof ion 

Nomiool  hole 

Sleeve  type  A«lol  Split 
Sleeve  tfilclsness:  0  010" 

Sleeve  orienlotion:  0”^ 

CWMondrel-  ^  5300'C^  12  -ON 

CW  Mondrel  Toper  0^045"/" 

CW  Mondrel  Mojor  Dio  •  .3530 

Lvbricotion:  Pel  Prrs  ,100  i,on  ■.ll•e■.l•l 


4.  Fatigue  Conditions 


Nominal  hole  siie;  3/8"  T4et  stress;  

Process  i,  Reom  C/^V.  Reow  &  Inttoll  Fotts*  ler  Testlood: _  a  tsy/lEM 

2.  Ream  and  Injtoll  Foitener  Load  loiio.  (Ri  " '  ^  ^  |  ' 

Fastener  InstI,  Tofpue:  225-250  in/lbi  Test  Frequency: 

fastener  Diameter:  ”3735  Test  Loborotory: 


One  Hole  Not  C/W 
Filled  Holes 


Test  Frequency:  SOQQ/minute  __ 
Test  Loborotory:  Moteriols  _ 

Test  Engineer:  .  q. 

Test  Mochine:  Vibrophore  (36.l!ap) 


PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER.  4  C  2 _ 

NOMINAL  EXPANSION  VALUE:  0,019“ 


GENERAL  TEST  CONDITIONS 

I.  Specimen  OescrlpHon 

Zero  load  tronsfer,  2  hole,  no  CSK 
Conf igurol ion :  Fig  2 

Width: _ 

Hole  spoci  rrg  ;  1.50“ 

Edge  morqin:  6.75" 

Moteriol  _~~”^24'T^L~ 
MoteT'ot  gauge:  0,250'* 

Surface  Tieotment  Shot  Peen 
fastener  Pipt.Hd^  Ht-^LolT 

(,002  Clearance  FlO 

?  H jlt  P'QpoiQtton 

Nonunul  ji;**;  3/8" 

fru-  L’'/  Roan,  C  W  <conT 

Fojtener  Torque;  225/250' in/Ha 
foiEener  DlomeEer;  .6735 


.002"  CL.  Hi-Lok 
Hole  C/W 


DATE:  3-30-73  _  _ 

CW  Process 

Sleeve  type  Axio^  S£lil 
Sleeve  thickness:  0.010“ 

Sleeve  orientolion:  0° 

CW  Mondrel  ST  SSOO-CBM-  ^2  -0-N 
CW  Mondrel  Ippei  '0.~04'5'7'' 

CW  Mond'e  Mo)Oi  Dio.*:  .3530 

Lubricotion:  Eel  Prc  TOO  tors  sTeeve) 


Eotigue  Conditions 

Nfistiess;  30  k»i 

Test  lood  8.5^  lb*.  ~7" 

LoorJ  rot'o-  iRt  =  6,  I 

Test  Ereqvency  'sOOp/mlnote "  1.^ 

Test  Lobxoto.y  ^^Ojeripil 

lest  Enqitse.'i-  p,  Ree»e 

Usi  Mo-liinc  VibtqpKore  (36  Kijj) 


Specimen  No.  R623C;80  j 

]  •'^N  -^lOH 

i 

Before  CW  i  1 

__  \ 

c  (3lufriuttrl 

ncttc'S^ 

^  j  i 

1/":!  £ 

<  !  :5 

Ho 

( 

5 

u 

e 

w 

0 

OD 

le  Fin 
RHR) 

u 

< 

isH 

r 

V 
a; 

V 

< 

c 

o 

«« 

c 

?  ^ 
u.3'c 

o  o-f 

2.y 

u 

<  *> 

8 

o 

o 

1  A 

X  — . 

iit 

C  ^  4f 

O  D  -y 

%  .'i  M 

E 

o 

Q 

V 

3  ^ 

♦-  v» 

s2  1 

o  S 

•*  D 

•A  0 

f  r 

'Z  is 

u 

Origin  of  foilure 

ond 

Remolds 

-42 

— 

1 

.3540 

1 

.3665  1  .3755 

35 

15 

30 

.0190 

,0125 

694 

2 

.3540 

.3665 

r  -  -  -1 

.3755 

- 

- 

.0190 

.0125 

-43 

1 

.3540 

.3665 

.3755 

30 

15 

25 

.0190 

.0125 

366 

2 

.3540 

.3665 

.3755 

- 

- 

- 

.0190 

.0125 

-44 

1 

.3540 

.3665 

.3755 

30 

15 

30 

.0190 

.0125 

697 

2 

.3540 

.3665 

.3755 

- ^ 

-  -  1 

- 

.0190 

.0125 

Tak«n  ot  Minimum  (midpoint) 


PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER; 


4C3 


NOMINAL  EXPANSION  VALUE: 


0.019" 


G ^ RAL  TEST  CONDITIONS 

I  Specimen  Descriplion 

Zero  load  transfer,  2  hole,  no  CSK 
Configurolion:  fig  2 


Width  : 

Hole  tpocing; 
Edge  morgin : 
Material ; 


l.M" 

0.75" 
2024  T85I 


0.250“ 


Material  gauge 
Surface  Treotmeni  Shot  Peen 
failener:  Hl-Lok  (.002"  interference) 

Hole  Preparation 

Nominal  hole  siie:  3/8" 

Process:  Ream,  CW  &  ream 

Pottener  Diameter;  .3535 


Foitener  ln»tM  Torque;  225/250  In/lb. 


C/W  .002 
Interference  Hl-Lok 


3 


DATE: 


4-16-73 


C  W  Process 

Sleeve  type:  Axipi  Split 
Sleeve  thicknessl  CT.OIO”^ 

Sleeve  orientotion;  0° 

CV/ Mandrel:  SMSOO-CBm'  T2  -0-N 
CW  Mondrel  Toper  0.045^^* 

CW  Mondrel  Mojor  Dio.  :  .553*’ 
Lubricotion:  Eel  Pro  TOO  Ion  sTeeve) 


4  Fatigue  Conditions 

Net  stress : 
Test  load: 

Lood  rolio: 


30  kil 


s^Qjbi. 

_0.1 . 

5db0/mlnute 


Test  Frequency 
Test  Loboratory  Mp.tjacloU' 

Test  Engineer:  p.'Reeie 
Test  Mochlne:  Vlbrophore  (36  Kip) 


i  \ 


P 


I 


I 

I 


II  TASK  •'  -  APPLll-/vliT-'T  '''‘-ll' 


0/.  p  1  [ 


11  SI  NUMRr.^' 

N^)^AlrJAl  I  yi'At  i' inri  \ 


Gtt^RAL_TilI  CONDI] ‘ ' 

1,  Specimen  Oejcrlptlpn 

Zero  lood  tronifer,  2  Pole, 

Conflgufotion;  T'9  ^ 

Width ;  _  ^  •  50 


C.SK 


Hole  ipocing: 
Edge  margin: 
Moieriol 


1.50“ 


0.75“ 


2024  T851 


Moteriol  gouge:  0.250“ 


2. 


4  C  4 

Alilt  0.019“ 
ft  M  I 
{  «  .V 


Sut^oce  Treatment:  Peen _ _ 

Fastener:  Hi-Lok  *i00 

Hole  Preparation 
Nominol  hole  size^ 


Process:  Ream  ^  C/W^  Ream  &  CSK - 

Fastener  .3538-.3^0 

Fastener  InstM  Torque!  225/250  in/lb^ 


100'^  CSK  after  C/W 
Net  Fit  Hl-lok 


4-2-73 


type  A>iol  _ 

c,le..ve  IhicUneiS;  Q.QIO" 

^ieevc  oriunlol'On;  _ _ 0 _ 

CWMor^drel:  iL5300:C^-  12.^ 

CW  Mondrel  Toper:  0.045"/ 

CW  Mandrel  Mojor  Dio.  :  .353 


Lubricotion:  Fel  Pro  300Ton  sleev^ 


4.  Fctigue  Conditions 


Net  stress : 

T  est  I  ood  : 

Lood  rotio; _ 

Test  Frequency 
Test  Lfljsorotory: 
Test  Engineer: 
Test  Mochine: 


30  ksl 


■  ■600  Ibi. 

V)  =  o:r 


5.000  ■_ 

Moteriols 


Vibrophore  (36  KIp) 


-a 

a 


.130 


PHASE  II  TASK  4  -  APPLICA I K.  I  I  AUD  IT' .  r  '  .P'  iM  I  i" 


TEST  NUMBER:  4  C  5 

NOMINAL  EXPANSION  VALUE:  0.0T9" 


GENERAL  TEST  CONDITIONS 

I.  Specimen  Oejcripllon  3. 

Zero  lood  franifer,  2  hole,  CSK 
Configurofion:  fig  2 

Width:  _  1.50" 

Hole  tpocing:  1 .50" _ 

Edge  morgin:  0.75" 

Moteriol :  2024  T851 

Material  gouge:  0.250" 

Surfoce  Treofment:  Shot  Peen 
FoJtener:  Hl-Lok  100°  HO,  Net  Fit 


DATE:  4-2-73 _ 

CW  Process 

Sleeve  type:  Axipl  Split _ 

Sleeve  thickness:  o^qiq" 

Sleeve  ofientotion:  0*^ 

CW  Mondrel :  ST  S300-CBM-  12  ~0-N 

CW  Mondrel  Toper:  0.045"/" 

CW  Mondrel  Mojor  Dio.  :  ,I}53" 
Lubricotlon:  Pel  Pro  300  (on  sleeve) 


2.  Hole  Preparotion 


Nominal  hole  size:  3/8“ 

Ream.  CSK.  CAV.  Reom 


Fastener  DIometer;  ,3740 
Fostener  Inst'l  Torquer'  ZZVZSO  In/lbs 


c 


100  CSK  Before  C/W 
Net  Fit  Hl-Lok 


Fotigue  Conditions 

Net  stress;  301  ktl _ 

Test  lood;  8 ,-550  Iba, 

Lood  rotio:  (k)  =  0,  1 

Test  Frequertcy:  S(ibft/mlnute 

Test  loborotory:  Moterloli 

Test  Engineer:  P.  fceete 

Test  Mochine:  VIbfopKore  (36  Kip) 


! 


» 


» 


» 


Specimaft  No.  R623Q80 

• 

i 

9 

I 

Hole  Diameter 
(inches) 

Hole  Finllh 
(RHR) 

Actual  CW 
Oiometricol  Exporuion 
(Inches) 

■iA 

'5  "o 
t  .y  e 
oe  -  0 

1 

0 

0 

it 

i'i 

u 

Origin  of  Follure 

and 

Remarks 

a 

s 

w 

< 

! 

Before  CW 

u 

S 

£ 

< 

1 

Ot 

w 

9 

< 

-51 

1 

.3540 

.3665 

.3740 

25 

15 

40 

.0190 

.0125 

169 

r-ffT’n 

2 

.3540 

.3665 

.3740 

- 

- 

- 

.0190 

.0125 

1 

.3540 

.3665 

.3740 

30 

15 

40 

.0190 

.0125 

508 

t.':r^Z3 

2 

.3540 

.3665 

.3740 

- 

- 

- 

.0190 

.0125 

-53 

1 

2 

.3540 

,3665 

.3740 

30 

15 

45 

.0190 

.0125 

213 

1  ~T|r  1 

.3540 

.3665 

.3740 

_ 

- 

- 

1 

.0190 

.012 

[j>»  Token  ot  Minimum  (midpoint) 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER:  4C  6 _ 

NOMINAL  EXPANSION  VALUE:  .0185 _ 

GENERAL  TEST  CONDITIONS  DATE.  4-16-73 


1.  Specimen  Description  3. 

Zero  load  transfer,  2  hole 
Configuration;  ^'9  2 
Width:  K50" 

Hole  spacirsg :  1 

Edge  morgin;  0.75“ 

Materiol :  2024  T851 

Moteriol  gauge:  0^250” _ 

Surface  Treotment:  ohot  keen 
fastener:  Hl-Lok  with  70**  heod 

2.  Hole  Preparotion  4. 

Nominal  hole  size;  3/8“ _ 

Process:  Drill,  reom,  &  reofn~  CSK 
Foitener  Diameter!  ,3800" 

Foitener  Init'l  Torque:  '2i!^5/250  Vln.lt>. 
Fastener  Fit;  Net 

(  70®  CSK  after  C/W  ^ 

V  Net  Fit  Hl-Lok  J 


CW  Process 

Sleeve  type:  Axigl  Split 

Sleeve  thickness:  _ 

Sleeve  orientation;  0® 

CWMondrel:  ST  5300-CBM~'-  -0-N 

CW  Mondrel  Toper:  0,045"/" 

CW  Mandrel  Major  Dio.  ;  ,3530 
Lubricotion:  Pel  Pro  300  (on  sleeve) 

Fatigue  Conditions 

_ afikii _ 


Test  lood: 

^8.550  lbs. 

Lood  rotig: 

(R)  =  0.  1 

Test  Frequency: 

5,000/nilnute 

Test  Loborotory 
Test  Engineer: 

Materials 

D.  Reese 

T  est  Mochine : 

Vibrophore  (36  Kip) 

§ 

§ 

• 

i 

*0 

& 

Hole  No. 

Hole  Diameter 
(inches) 

Hole  Finish 
(RHR) 

Actual  CW 
Oiometrical  Expansion 
(Inches) 
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v*  0 

u  C' 

X 

u 

Origin  of  Foilure 
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Remotks 

Before  CW 

iA 

< 

a 

j 

£ 

After  CW 

After  Ream 
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.3800 

40 

20 

35 

.0185 

-  - - 1 

.0120 
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r::rf  3 

2 

.3545 

,3665 

.3800 

- 

- 

- 

.0185 

.0120 

-55 

■ 

.3665 

.3800 

35 

15 

40 
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.0120 

315 

cafD 
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2 

,3545 
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.3800 

■ 

■ 

• 
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.0120 

-56 

1 

.3545 

.3665 

.3800 

40 

.0185 

.0120 
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r-H>~T 

2 

.3545 

.3665 

.3800 

- 

- 

.0  185 

.0120 

Tak«n  ot  Minimum  (mtdpotnO 
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PHASE  II  TASK  4  -  APPLICATIOU  AND  PROCESS  PARAMETERS 


TEST  NUMBER: 


4  C  7 


NOMINAL  EXPANSION  VALUE:  0,019 
GENERAL  TEST  CONDITIONS  DATE; 


4-25-73 


I.  Specimen  Oeicripiion 

Zero  load  transfer,  2  hole,  no  CSK 


3 


C ‘iV  Process 

Sleeve  type: 


Axipl  Split 


Configuration: 

Fig.  2 

Sleeve  thick 

ness;  0.010" 

* 

Width; 

~i77(r - 

Sleeve  orientoilon  6'^ 

Hole  spocirsg; 

1.50“ 

CVV  Mondrel 

ST  5300-CBM-  12  -0-N 

1 

•  ^ 

Edge  margin; 

0.75" 

CW  Mor^Hre! 

Toper:  0'r045"/"  “ 

Moterlal : 

2024  T85I 

CW  Mondrel 

Mojor  Dio.  :  ,3530 

;  J 

Material  gouge: 

0.250" 

Lubrication: 

Pel  Pro  300  ^onTTeevt'l 

Sorfoce  Treotment:  Shot  ?een 

1  i 

Fastener;  Prot, 

Hd.  Net  Fit  Hl-Lok 

•  — 

Hole  Preporotion 

4.  Fotigue  Conditions 

Nominal  hole  size;  4/8” 

Net  stress; 

30  ksl 

=' 

Pfocei*:  U  K«afT 

. 

Test  lood; 

8.750  lbs. 

1  '3 

Inifoll  unctoMiz^  fdifener 

Load  rotio: 

(R)  =  0.  i 

c 


Reamed  only  with  Hi  Lok 

Test  ot  30  ksl 


D 


Test  Lobofotory:  Materlols 
Test  Engineer:  D,  Reese 
Test  Mochine: 


Vlbrophore  (36  Kip) 


» 


> 


Specimen  No.  R623060  j 

_ 

Hole  No. 

hole  Diameter 
(Inches) 

Hole  Finish 
(RHR) 

.1 

** 

a 
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Oiometricol  Exparsion 
(Inches) 
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U  Cm- 
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Remorks 

Before  CW 

< 
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Before  CW 

After  CW 

a\ft«r  Reom 
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- 
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• 

- 
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- 

-16 

1 

.343d 

200 

2 

- 

- 

.343d 

- 

■ 

- 

-17 

> 

,, 

.3430 

■ 

■ 

B 

• 

«e 

222 

IZUZZl 

2 

- 

- 

IS 

9 

B 

B 

- 

t  X. 

I_i,>  Token  Ot  Mlnftnom  (midpoint)  Test  engineer  did  not  stop  at  80,000  cycles 
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Specimen  No.  R623CB0 


PHASE  II  TASK  4  -  APPLICAIlUN  ANf)  PRCCt''iS  PAF;A/,‘.L  iLi  '. 


TEST  NUMBER:  _4jC  8 

NOMINAL  EXPANSION  VALUE:  0.019" 


Precracked  arxJ  Cf^ 
net-fit  Hi  Lok 
30  k5i 


G E^ RAL  TEST  CONDiTl ON 

I  Specimen  Description 

Zero  lood  transfer,  2  lioti’.  no  CSK 
Conf igurot  i  on :  F19  2 

Width: _ '^“l.'SO"  . . 

Hole  spacing;  _L.5Q!' 

Edge  morgm:  0.75" 

Material:  ~  2024  78^1  ~ 

Moteriol  gouge:  0.250" 

Surface  Treotment:  Shot  Peen  ” 
Fostenet :  Net  fif  ^T-IZk 


4-3-73 


<  v‘.'  Process 


Sis--  type  A  .  o'  I  I  ■! 

Sleevs-  til  ids  ness :  0  010" 

Sle  VI-  ')f lontut Ion  0*' 

Cv;  Moncfifl  SI  C  RM'  12  -0-N 

CVy  Mcinrfi.-i  0,045'’/''  " 

C iiV  Mondii-I  Mdjof  Ijplj,  ,353" 

Lubf n-oti on:  Ft-I  Pit-  iUO  ^on  sleeve) 


Hole  Preporafton  4  Fohyue  Condiiionv 

Nominal  hole  si:e;  2/^[ _  Net  stress:  30  k*l 

Process:  1.  pilot  Dr||i  '  ^  ^  Test  load:  8,6SQ  lU. 

2.  Notch  (fotiflue  crack  to  length  to  '  Load  fotio:  (Ri  0,  ) 

IP  give  .030"  crack  length  at  pre  C/W  Test  FrequencTT*"  SOOO/ml' 

4  T<JJ,  Engineer:  __  D.  Ree« 

s’.  Ream  Mochine;  Vlbrophore 

6.  Imtoll  net  fit  Hl-Lok  stj/s  u.  nneu  ,  ,  ^ 

.030  ±  .005  crock  after  C/\V  reom 

.3540  diameter 


Net  stress:  30  k»l 

Test  load:  8,650  Ibt, 

Load  fotio:  (Ri  O.  T 

Test  Frequency: _ 56007mlnute 

Test  Lobototory:  Material,' 

Tost  Engineer: _ D.  ReeM 

Test  Mochine;  Vlbrophore  (36  Kip) 


Hole  Drometer 

(inches) 


Hole  Finish 
(RHR) 


1  .3540  .3670  .3735 


2  .3540  .3670  .3/35 


1  .3540  .3670 


.3540  ,3670  .3735 


UiiJ  5 
"o'o  -g 

E 

o 


45  .0190  .0130 


90  .0130 


.0190  1.0130 


.0190  .0130 


.3540  .3670  .3735  35  15  55  .0190  .  0130 


.3540  .3670  .3735 


Taken  ot  Minimum  (midpoint)  ^-18  (3 
^  Pilot  Hole  Dio.  *■  .3155"  .050" 


.0190  .0130 


"18  (30,000  cycle,  -  .050  crock)  -19  &  -20 
,050"  crock  (gives  ,030"  of  .354"  diameter) 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  F  AI’/  (  Ui  - 

TEST  NUMBER  4D1  (Edge  Margin)  (Open  Holej) 
NOMINAL  EXPANSION  VAIliF-  0.019  Inch 


GENERAL  TEST  CONDITIONS 


DATE:. 


I.  Speclmsn  Descrlpfion 


3.  CW  Proceii 


Edge  Margin  -  4  Hole,  No  CSK 
Cenflauration:  ^'9 

Width'  . 

3.124 

Hole  spacing; 

1,50"  X  2.00" 

Edge  Margin: 

.562 

Material; 

2024-T851 

Material  Gage; 

0.025  Inch 

Surface  Treotment: 

Shot  Peen 

Foitener: 

None 

Hole  Preparation 

Nominal  Hole  Size 

;  3/8  Inch 

PmceiK  Ream,  Coldwork,  Reom 

l  t/70  E/M 
C/W  op€ft  hole 
30ksi 


Slaav«  Type; _ SsliL 

Sleeve  ortenfaHon; _ 


Follgue  CondlHont 


Net  Strets; _ 

Teit  Load: _ 

Lood  Ratio; _ 

Te».  Frequency:. 
Te»t  Loborotory: 

Teit  Engineer; _ 

Teit  Machine; _ 


30  kii 
18,115  lbs 


R=  0.1 


SOOO/Mln. 


Moteriolt 


D.  Rte>e 


Specimen  No.  R623080 

— 

Hole  Diameter 
(Inches) 

Hole  Finish 
(RHR) 

Finol  Ream 

Cycles  to  Failure 
(Thousands) 

Origin  of  Fal  lure 
and 

RemorLs 

Before  CW 

After  CW 

After 

Ream 

-89 

1 

.3540 

.3665 

.3735 

35 

359 

~i  1 

\  ijt-Jjt 

CW 

2 

1542 

.3665 

.3735 

- 

3 

3575 

3553~ 

3735 

35 

4 

— 3577 - 

35S5 

3755 

- 

-90 

1 

,3545 

.3665 

.3735 

40 

215 

C3jnjE| 

CW 

"T^ 

,3545 

.3366“ 

3735 

- 

3 

.3545 

.3666 

.3735 

45 

4 

.3545 

.3668 

.3735 

- 

1 

.3545 

.3666 

.3735 

4P 

~T~ 

.3544 

.3666 

.3735 

- 

>■ 

-91 

3 

.3544 

,3664 

.3735 

35 

183 

T 

4 

.25AS 

,3667 

,3735 

- 

CW 

335 
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PHASE  II  TASK  4  -  APPLICATION  AND  PPuClSS  PARAMETERS 

TEST  NHMPFR  4  D  2  ttdga  Morain)  (Open  Holes) 
NOMINAL  EXPANSION  VALUE; _ 0.019  Inch  . 


GENERAL  TEST  CONDITIONS 


DATE;. 


I.  Specimen  Description 


3.  CW  Process 


2. 


Edge  Margin  -  4  Hole,  No  CSK 
Conflauratlon: 

Wldthl 

3 . 50" 

Hole  spacing: 

1.50  "  X  2.00" 

Edge  Morgin: 

.750" 

Material: 

2024-1851 

Materlol  Gage: 

0.025  Inch 

Surface  Treatment: 

Shot  Peen 

Fostener: 

None _ 

e  Preporotion 

Nominal  Hole  Siie:  3/8  Inch 

Pmrett:  Ream ,  Col  dwork  .  Ream 

20  E  M 

CAV  open  hole 

30ksi 

Sleeve  Type:  Split 

Sleeve  orienfotion; _ 


Potigue  Conditions 

Net  Stress: _ 30  ks! _ 

Test  looH-  20,860  lbs _ 

Lood  Ratio; _ I _ 

Test  Prequeney;  5000/Mits. _ _ 

Test  Lobofotory;  Moteriols  _  .  _ 

Test  Engineer:  D.  Reese _ 

Test  Morhine;  Vibrophorc ■(36_KIP) 


o 

Z 

_• 

o 

X 


Hole  Diameter 
(Inches) 


Before  CW 


rJ53C" 


After  CW 


:3?<5T- 


After 

Ream 


Hole  Finish 
(RHR) 

Firvol  Ream 


11 

o  t. 

>. 

U 


Origin  of  Failure 
and 

Remorks 


^  JlNjl  I 


■93 


.3542 


.3666 


T33Jr 


.3735 

.373T 


504 


334r 

TTOT 


.3665 

:w 


.3735 

■w 


35 

"?r 


-94 


.3535 


.3667 


.3735 

73733" 


535 


ni342 


'3537" 


73735" 


"4^ 

ir 


-95 


.3543 


.  3667 


.3735 


40 


.3542 


,3544 

'35nr 


.3668 

.3667“ 


.3735 

.3735 


35 

-w 


253 


:3SS7“ 


^5735' 


■3r 


□tut 


Specimen  No.  R623080 


PHASE  II  TASK  i  -  APPLICAIIOEJ  ANtJ  PPC.KESS  PAPA'.M  rt  i'' 

TEST  NUMBER _ 4  D  3  (Edge  Margin)  (Open  Holes) 

NOMINAL  EXPANSION  VALUE; _ ‘^■'•>19  Indi _ 


GENERAL  TEST  CONDITIONS 


DATE., 


1 .  Specimen  Description 


3.  CW  Process 


Edge  Margin  -  4  Hole,  No  CSK 
Confiaurotion:  *^'9 

Width’: 

3.874 

Hole  spacing: 

1.50  “  X  2.00" 

Edge  Margin: 

.937 

Material: 

2024-T85I 

Material  Goge: 

0.025  Inch 

Surface  Treatment:. 

Shot  Peon 

Fastener: 

None 

Hole  Preparation 

Nomlnol  Hole  Size 

•  3/8  Inch 

Process:  Reom  ,  Coldwork,  Ream 


M'2D  E/M 
C,W  open  hole 
30ksi 


Sleeve  Type:  Split 

Sleeve  orientotion; _ 


Fatigue  Conditions 


Net  Stress; _ 

Test  Load: _ 

Lood  Rotio: _ 

Test  Frequency:. 
Test  Loborotory: 

Test  Engineer: _ 

Test  Mochine: _ 


30  ksi 

~73,7?5Ib$ - 

R=  0.1 _ 

5000/Mi  n. _ 

Moteriols _ 

D.  Reese _ 

Vibrophore  (36  KLP) 


o 

2 


o 

r 


Hole  D'ometer 
(l.iches) 


Before  CW 


After  CW 


After 

Ream 


Hole  Finish 
(RHR) 

Fir>ol  Reom 


li 

ii 

>. 

u 


Origin  of  Failure 
and 

Remorks 


vi{w!n 

I  I 


-97 


.3542 


.3542 


.3542 


.3542 


.3670 


.3673 


.3670 


.3670 


3735 


40 


3735 


3735 


3730 

3737" 


35 

'W 


756 


-98 


:3543 


.3545 


.3669 


3735 


.3542 

:354r 


.3669 

r367r 


3735 


3735 


35 


393 


ri^niFi 


-99 


.3544 


.3673 


3735 


40 


,3543 


.3670 


3740 


35 


.3544 


.3672 


.3544 


.3672 


3735 

3733" 


35 

"33" 


254 


)'jjU|T  ~l 


PHASE  II  TASK  4  -  APPLICATICN  AND  PROCESS  PARAMETERS 


TEST  NUMBER _ 4  D  A  (Edge  Morgin)  (Open  Holes) 

NOMINAL  EXPANSION  VALIIEt  0.019  Inch 


GENERAL  TEST  CONDITIONS 


DATE: 


1.  Specimen  Description  3, 

Edge  Morgin  -  4  Hole ,  No  C  SK 

Conflgurcition; _ _ _ 

Width: _ 2^W4 _ 


nola  ipocmg: 

Ecige  Margin: 

1  .  JU  X  1  .  IZ 

T77J7 - 

Moterlol: 

2024-T851 

Material  Gage; 

0.025  Inch 

Surface  Treotment; 

Shot  Peen 

Fastener; 

None 

Hole  Preparation 

Nominal  Hole  Size: 

!  3/8  Inch 

Pmi-eu*  Ream  ^  Coldvrcrk ,  Ream 

3D  hole  spacing 
C  \V  open  hole 
30kii 


CW  Process 

Sleeve  Type: _ SplU _ ^ 

Sleeve  otientofion: _ 


Fatigue  Conditions 

Net  Stress; _ 30  ksi  _ 

Test  Ltsod:  >7,330  lbs  ~ 

Lood  Rotlo; _ 

Test  Frequency;  .  5000/Min. - 

Test  Lobofotory;  Moterlols  - 

Test  Engineer:  .  D»  Rapte _ 

Test  Mnehine;  Vibfpphpre  (36  KIP) 


Specimen  No.  R623080 

Hole  No. 

Hole  Diameter 
(Inches) 

Hole  Finish 
(RHR) 

Finol  Reom 

Cycles  to  Failure 
(Thousands) 

Origin  of  Failure 
and 

Remorks 

Before  CW 

After  CW 

After 

Ream 

-101 

■■ 

.3545 

.36i5 

35 

339 

KTiiTniM 

B 

.3665 

.3535 

KB 

.3544  " 

.3665 

.3535 

- 

.3544 

.3535 

35 

1 

3 

13543 

.3665 

.3535 

35 

355 

Crock  occurred 
between  hoie& 

ai 

.3540 

.3665 

.3535 

40 

Mm 

1542 

.3665 

,3535 

40 

Ui 

1542 

.3665 

.3535 

3.5 

i 

MM 

.3540 

3666 

40 

380 

LllHjlD, 

CW 

Oi 

.3542 

.3665 

.3535 

- 

wm 

.3542 

.3665 

.3535 

- 

EB 

.3539 

.3665 

.3535 

40 

338 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 

TEST  NUMRFP  4  D  5  (Edge  Morgin)  (Open  Holes) 
NOMINAL  EXPANSION  VAIIIF.  0.019  Inch 


GENERAL  TEST  CONDITIONS 


DATE:. 


1. 


2. 


Specimen  Description 


3. 


Edge  Margin  -  4  Hole,  No  CSK 
ConfloLiratlont 

Width' 

3,374 

Hole  spacing: 

1  .SO"  X  1.50“ 

Margin* 

,937 

Materiel: 

2024-T851 

Material  Gage: 

0.035  Inch 

Surface  Treotment; 

Shot  Peen 

Fos  terser; 

None 

Hole  Preparation 

Nominal  Hole  Size 

;  3/8  Inch 

Pmrxi*  Ream,  Coldwork,  Ream 

4. 


40  holt)  sf)<pCii'9 
C  V.'  open  hole 
30 


CW  Process 

Sleeve  Type: _ SftLll - ^ 

Sleeve  orlentotlon:  0. 


Fotigue  Conditions 


Net  Stress: _ 

Test  Load: _ 

Load  Rotio: _ 

Test  Frequency:. 
Test  Laboratory: 

Tost  Ersgineer: _ 

Test  Mochines_ 


30  ksi 


19,'90inbr 


R=  0.1 _ 

SOOO/Mln. 

Moterlols 

D.  Reese _ 

VibfODhore  (36  ICJP) 


».  R623080 

• 

o 

Hole  DIometer 
(Inches) 

Hole  Finish 
(RHR) 

Finol  Reom 

8 

a 

’5  ^ 

c 

Origin  of  Failure 
ond 

Remorks 

Specimen  Nc 

Before  CW 

After  CW 

After 

Reom 

£  1 

5 

X 

u 

IB 

3543 

.5665 

"3755 

40 

m 

,3543 

.3666 

.3735 

- 

300 

wm 

.3542 

,3666 

.3735 

40 

.3542 

.3666 

.3735 

— 1 

HHIHIHii 

— 

.3544 

.3670 

^735 

r3|n|Trii 

a 

.3543 

.  5670 

294 

— 3553 

73735 

IBK&lBHi 

CW 

— 3333 - 

.  4/35 

4U 

■■ 

.3543 

.3735 

35 

3 

mwssum 

.3670 

73733 

40 

272 

wm 

.3670 

.3735 

40 

CW 

a 

.3543 

.3670 

.3735 

35 
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PHASE  II  -TASK  *  -  APPLICATION  ANO  PROCESS  PARAMETERS 


340 


0  2485  I  I  ^0  1 


Typical  hole  measurement 


typical  ho(e  measurement 

*^Hole  spacing  1-3/8.  in,  versus  1  In.  on  —76  and  —77 


PHASE  II  TASK  4  -  APPLICATION  ANf'  f!'  ■  ‘  r  .  -W.'l  ii 
TEST  NUMBER; __12J _ 


GENERAL  TEST  CONDITIONS 


DATE: 


1.  Specimen  Description  3. 

Hlflh  Load  Transfer;  JLl2_15 _ 

Moterlol: _ 2Q24-T851 - — 

Material  Gauge: _ 0-250" _ 

Surface  Treatment;  Shot  Peen _ 

Fastener: _ Hi-Lnk^  Pmt.  Hear! - 


Fastener  Installotion: 

Fastener  Fit:  _ 

Installation  Tr.tT|iie;  ??5/2SQ  In/lbs 


2. 


Hole  Preparation 

NomlrMl  Hole  Slie;  3/8" _ 

Process:  Reom ,  C/W ,  Reom 


4. 


■SJgfltre. 


CW  Proceu: _ 

CW  Interference;  0.0 IBS" 


Net  Fit  P.H.  MILok 
.OlO'Shim 


Fatigue  Conditions 

Net  Stress:  30  ksl _ 

Test  LnoH:  16,800  Ibe 

Load  Ratio;  R  =  0J _ 

Test  Frequenny;  600  CPM 
Test  Laborotory:  Moterlols 
Test  Engineer;  D.  ReeiC 

Test  Mnrklne;  Rlehle-Los 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER; 


4  G  2 


GENERAu  TEST  CONDITIONS 


DATE;  4-24-73 


1 ,  Specimen  Description 

High  Lood  Tronsfcr;  _ 

Material: _ 2024  T8S.L  - 

Material  Gouge;  0.250“ _ 

Surface  Treotment;  Shot  Peen 

Fostener:  Hi-lnL  -  Pmt. 


3.  Fastener  Installation: 

Fastener  Fit: _ .002"  clearance 

Instollotion  Torque: _ 225/25Qin/lbs  - 


2. 


Hole  Preporotion  4. 

Nominal  Hole  Sl«e;  3/8” _ 

Process:  Ream  .CAN ,  room - 

CW  Pf/veti;  Sleeve - 

CW  Interference;  0.0185" _ 


c 


CAN  .002  CL.  HlLok 
Prof.  Head  .010  Shim 


Fatigue  Conditions 

Net  Streu*  30  ksl _ 

Test  Load; _ 16.800  Ibi. 

Load  Rotio;  R  =  0. 1 

Test  Freqiienay!  600  CPM 
Test  Laboratory;  Moterloli 
Test  Engineer;  D«  Rcese 
Test  Mnrhine;  RIehle-Los. 
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PHASE  II  TASK  4  -  APPLICAIION  AND  PROCESS  PARAf.Af  TEES 


TEST  NUMBER-  4  0  3 


GENERAL  TEST  CONDITIONS 


DATE:  *  23-73 


1,  Sp«cimen  Oetcription  3. 

High  Lood  Tronjfer:  _ 

Moteriol: _ 2024  T  851 _ 

Material  Gauge: _ _ 

Surface  Treatment:  Shot  Peeri _ 

Fottener;  Hl-Lok,  Prot.  Head 


Poitener  Initallation; 

Fostener  Fit: _ _  .002"  int. 

Initollotlor:  Torque; _ 225/250  i I 


2.  Hole  Preporotion  4. 

Nominal  Hole  Slie;  3/8" _ 

Procett-  Reom,  C///,  Reom _ 

CW  Procesi: _ Slee^ _ 

CW  Interference;  0.0185" _ 


C/tV  Interference  Fit  HILok 
Prot.  Heod  .010"  Shim 


Fatigue  Condi  tiont 

Net  Stress;  30  kil _ 

Test  Load: _ 16,.8Q0  lbs. 

Load  Ratio; _ R  =  0. 1 

Test  Frequenny:  600  C PM 
Test  Laboratory:  Moterlolt 

Test  Er\glnet«r!  D«  Reese _ 

Test  Machine;  RIehle-Los 


o 

s 


r> 

■o 


a 

z 


c 

« 

6 

"5 

1L 

in 


H15 


Typicol 

Hole 

Diameter 

Before 

CW 

(Inches) 


.3545 


Typicol 

Final 

Hole 

Diameter 

(Inches) 


.3715 


Cycles  to 
Failure 


924,  180 


Origin  of  Foilure 
and 

Remorks 


LOAD 


H 

GIN  *T  O'  N  OSURFACr 


■fjT  1  — 1 

FA«  FRETTING  - — - 


h116 


.3545 


.3715 


655,  880 


SOME 


iB 

H 

mmia 

m 

^H7fSdlT*17T39a?TsZfTTT^H 

:C 

M 

wm^m 

Hl7 


.3545 


.3715 


900  ,  530 


JS' SHANK  FRETTING  — 

WAIN  ORIGIN  0'  FROM  1  nosurface  FRETTING 


specimen  No.  R623080 


PHASE  II  TASK  4  -  APPL  ICATICN  AND  PROCESS  PARAMETERS 
TEST  NUMBER:  _ 


f  I  '  ITRAL  TEST  CONDITIONS 

1.  Spetinicn  Deiciipfion 

HI9I1  Lood  TionsTf*!: 

Material; . .  2024  T  851 

Material  Gouge: _ .Q«250 

Surfoce  Treotment; _ Shqt_Peen _ 

Faitener; _ Hl-Lok  ,  FImh  Head _ 

2.  Hole  Preporotion 

Nominal  Hole  Site:  3/8 _ 

p^r^r^e^^^  Reom ,  C/AV ,  Reom,  CSK 

CW  Prorf^a;  Sleeve _ 

CW  Interference :  0.019" _ 


C/W  Net  Fit  HlLok 
Flujh  Heod  .OlO'Shim 


DATE: _ 

1.  fi'^tpuer  li'stallatloti: 


Fosfotier  Fit:  Net 

In'.i'jltnt  ion  Toiq  i-' :  225/250  In/lbs 


Fatigue  Condlliont 

Net  Stre»!  30  kll _ 

Teji  Load; _ 16.800  lbs. 

Lood  Rotio: _ R  =  0. 1 

Test  Frequency:  600  C PM  _ 

Test  Loborotory;  Moterlols 

Test  Engineer;  D.  Reeifl _ 

Test  Machine: _ Rlehle-Loi- 


Typical 

Typicol 

Cycles  to 

Hole 

Diameter 

Before 

CW 

(Inchei) 

F  inol 

Hole 

Diameter 

(Inchei) 

Fu»  lure 

.3545 

,3732 

500,  360 

.3545 

.3732 

343 ,  460 

.3545 

.3732 

557,  400 

Origin  of  Foi  lure 
ond 

Remarki 


PHASE  11  TASK  4  -  APPL  ICATION  AND  PROCESS  PARAME  TEPS 


TEST  NUMBER: 


4  0  5 


general  test  conditions  DATE: _  '*-26-73 _ 


1  .  Specimen  DescripHon 

High  Load  Tionifer; _ _ _ 

Moteriol; _ _  _  ?n24  T  _ 

Moferiol  Gauge: _ 0.250"  _ _ _ 

Surface  Treorment; Shot  Peen _ 

Faitener: _  lil-Loh  (Pcct..Hefld) 


3.  pQirenet  InilolloHon: 

Fostener  Fit;  Net  fit 

Instollation  Torque ;  il25/250  ln/li:> 
NO  SHIM 


2.  Hole  Preparation 

Nominal  Hole  Sire:  3/3"  . 

Proceiit  Ream,  C/AE  i.Ream. 

CW  Proceii: _ SlMYfi...  _ _ 

CW  Interference; _ .0.0185  _ 


4. 


fotigue  Conditioni 


Net  Streii: _ _ 

Teit  Lood^_  _  . 


30^1«' 

B,  800  lb». 


Lood  Ratio: 

Test  Frequency :  _6QQ-CPM 
Te»t  Lobiototory:  MeJerlfill 

Te»t  Engineer: _ R  icHeeie 

le»t  Machine; _ RleJilerLoi 


C/rV  Net  Fit  HILok 
Prot.  Heod  -  No  Shim 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCT'^S  PArAMMfP'; 


TEST  NUMBER; 


GENERAL  TEST  CONDITIONS  DATE:. 


Specimen  Description 

3.  Fastener  Installation: 

Fig  10 

Fastener  Fit: 

Net 

50?4  T  851 

l''stollotion  Torque:  225/ 

Moterlol  Gauge: _ 

.  Q.250 _ 

_ 

Surface  Treetment:_ 

Shot  Peen _ 

Fatfenar;  HI- 

■  InL  (Prnt.  Heodl — 

- 

Hole  Preparation 

4.  Fatigue  Conditions 

_ 

Net  Stress: 

30  ksl 

pMvati*  Ream  .  CAV,  Ream 

Test  Lood; 

■J-6,8Qfl 

f*W  Pfryjitt* 

Sleeve 

_  Load  Ratio: 

R  =  0. 

0.0185“ 

Test  Frequenoy!. 

^Cf 

Test  Laboratory: 

MotorT 

Test  Engineer: _ 

D.  Ree 

Test  Mochine: _ 

Riehle- 

C/W  Nel  Fit  HILoL 
Pfot.  Htod  No  Shim 
Upset  Removed  & 
Primed 


Specimen  No.  R623080 

1 

i 

Typicol 

Hole 

Diameter 

Before 

CW 

(Inches) 

Typicol 

Final 

Hole 

Diameter 

(Inches) 

Cycles  to 
Fol  lure 

Origin  of  Fol  lure 
ond 

Remorks 

i 

-124 

.3545 

.3735 

429,000 

HEnSSSSH 

-125 

1 

.3545 

,3735 

674,690 

1 

1  - _ ^ _ 

n 

mmmn 

Some  surfoce  fretting 

-126 

,3545 

.3735 

1 

990,370  ‘ 

□ 

Orlg 

Som 

PHASE  II  TASK  4  -  APPLICATION  ANO  fee;*  IS ^  f’APAMF  III:' 


TEST  NUMBER: 


4  G  7 


GENERAL  TEST  CONDITIONS  DATE: 


Specimen  Description 

3. 

Fasterter  Installation: 

HIqK  1  Tronif«r* 

r;<l  to 

Entfanor  Fir; 

Net _ 

M24  TSSI 

installation  Torr^ui 

225/250  In/lbt._ 

Material  Gauge: _ 

_ SUSQ _ 

Surface  Treotment: _ 

_ Shat  Paen _ 

Faetener: _ Taper-Lok  fProt.  Headl 

Hole  Preparation 

4. 

Fatigue  Conditions 

Nnnnlru]l  HqIa 

:i/«" 

Nat  Streii* 

30  kil 

Process: 

Renm  only _ 

last  Load; 

16.800  lbs. 

Load  Rallo! _ ~  0»  ^ 

TeiF  Froqiignay!  600  CPM 

Te»f  Loborotory:  .Mot«rloU 

T*»t  Engineer: _ D«  Reeie 

Te*t  Machine: _ Rlehle^La* 


r 


T/L  Prof,  Head  ,010  Shim 


) 


350 


PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMRERt  4  G  a 


GENERAL  TIST  CONDITIONS 


DATE: _ _ 4.-25=Z3 _ 


Sp«ciin«n  Description 

High  Load  Transfer*  ^'9  - 

Material: _ 2Q24  1-851 - 

Material  Gauge: _ 0>25Q - 

Surface  Treotment: _ Shot  - 

Faitener: _ Taoer-Lok.  TOO  head 


Fastener  Installation; 

Fostener  Fit: _ 

Installation  Trsrqup:  ??.S/?4n  in/Iks. 


2. 


Hole  Preparation  4. 

Nctnlnal  Hole  Site; _ 3/fl'' - 

Process: _ ^£331 - 


0 


TA  Fluth  Heod  .010"  Shim 


Fatigue  Conditions 

Net  Stress: _ 30  ksi _ 

Test  Lood: _ 16.800  Ibt. 

Load  Rotio: _ R  ~  0«  1  .  . 

Test  Frequenay:  600  CPM 
Test  Laboratory:  Moterlols 

Test  Engineer*  D.  ReeSe _ 

Test  Mnehine;  Rlehle-Lns 


1 


I 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


TEST  NUMBER;  _  4  G 


GENERAL  TEST  CONDITIONS 


DATE;  5-3-73 


Specimen  Deicrlp^ion  3. 

High  Load  Tronifer:  _ _ 

Moterlol; _ 2Q24  T  SSI _ 

Moterlol  Gouge: _ 0.250 _ 

Surface  Treo>men>!  Shot  Peen 

Foitener:  Hi-Lok  (Prof,  fieodl - 


Foitener  Int^allotions 

Foitener  Fit: _ Ne> _ 

Initollotlon  Tfttfjiie;  22.%/?.Sfl  In/lfa 


2. 


Hole  Preporotlon  4. 

Nomlr^ol  Hole  Site;  3/6" _ 

Proceii: _ Drill  ond  reom _ 


Reamed  Net  Fit  HiLok 
Prof.  Head  ,010"  Shim 


Fatigue  Condi  tioni 

Net  Streti: _ 30  tcii _ 

Test  Load; _ 16,800  lbs. 

Load  Rotio: _ R  =  0.1 

Test  Frequenay;  600  CPM _ 

Tett  Loborotory;  Moterlols 

Teit  Engineer;  D.  Recie _ 

Test  Mfirhlne;  Riehle-Los 
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PHASE  II  TASK  4  -  APPLICATION  AND  PROCESS  PARAMETERS 


> 


» 


TEST  NUMRERr  4  G  TO 


) 


I 


1 


GENERAL  TEST  CONDITIONS 


DATE; _ 2c7-73 


1,  Specimen  Deicription  3. 

High  Lood  Transfer;  _ _ _ 

Moferiol : _ _ 202A.t-&5l - 

Maftrlol  Gouge: _ 0 ,9S0  .  _ 

Surfoce  Treotmenf:  Shol-P«*n _ 

FoJfener: _  __fcli=ijok_-(PtoU 

2.  Hole  Preporotioi;  4. 

Nominal  Eiole  Size;  _ .  _ _ 

Process; . . .  _ 

C  Process; _  _  SJeeve _ 

C 'V  listerleiCMice; _ - 


C/W  Net  Fit  HiLok 
Ptot.  Heod 


it  HiLok  \ 
d  .060“  Shim  J 


Fostenet  Instollotion: 

r  ,  c-.  Net 

Eoitener  Lit: _ _  _ _ _ 

Instollotion  Torque;  .  225/250  in/lb^. 

.060  tand  blasted  Mlcarta 


Fatigue  Cof'ditions 

Net  Stress;  _  _  .30  kll 

Test  Load, _  16,800  Ibl, 

Load  Folio: _  _ _ _ 

Test  F  ipquency  ;  _6O0  CP^ 

Test  Lolorotoiy:  _ 

Test  Ln.jineer: _ Pi  _  . . 

Test  Moc  isine : ....  _  _^hieTLet. 
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PHASE  II  -TASK4  -  APPLICATION  AND  PROCESS  PARAMETERS  f  T,  6AI  4V. 

I  open,  1/16poslream, 

_ _  V  70  ksi 
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PHASE  II -TASK4  -  APPLICATION  AMO  PROCESS  PARAMETERS  f  Ti6Ai4V, 

'  ^  Mire  sleeve. 

\  70ksi 
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PHASEII  -TASK 4  -  APPLICATION  AND  PROCESS  PARAMETERS 
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PHASEll  -TASK  4-  APPLICATION  AND  PROCESS  PARAMETERS 
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PHASE •! -task 4-  APPLICATION  AND  PROCESS  PARAMETERS  /  T,  6Ai  4v. 

/  high  load  t:.'''.sfer, 
[  C/W,  net  fit  Hi  Lok. 


phase"  -task4-  application  and  process  parameters 
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PHASE  11 -TASK  4-  APPLICATION  AND  PROCESS  PARAMETERS 
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COST  STUDY 

Hleniental  Flow  Times  Normul  man-miiuites 


Positioning  -Hand  drill 

0.03 

Hand  reamer 

0.02 

Winslow  drill 

0.08 

Quackenbusli  drill 

0.16 

t 

Taperlok  reamer 

0.06 

Torque  tool 

0.05 

AL 

II 

SH 

) 

Drilling-Hand  drill 

0.32 

- 

Winslow  drill,  regular  hole  (6000) 

0.18 

- 

- 

Winslow  drill,  Boeing  PT  bolt  hole  (HS-2) 

0.10 

Winslow  drill,  Taperlok  hole 

0.19 

Ouackenbush  drill 

— 

0.62 

3.1 

» 

Reaming  -  Manual,  straight  hole 

0.04 

- 

- 

Manual,  tapered  hole 

0.16 

- 

0.84 

Ouackenbush.  straight  hole 

- 

0.84 

Quackenbusli,  tapered  hole 

- 

0.334 

1.05 

Pin  ream,  tapered  hole 

0.15 

0.20 

0.20 

» 

Bolts/nuis  -  Insert 

0.06 

0.06 

0.06 

Drive  Boeing  PT  bolt 

0.086 

- 

- 

Drive  Taperlok 

0.08 

0.12 

0.15 

Inspect  protrusion  (Taperlok) 

0.08 

0.08 

0.08 

Place  nut 

0.43 

0.43 

0.43 

1 

Torque  nut,  regular 

0.05 

0.05 

0.05 

Torque  nut,  HiLok 

0.07 

0.07 

0.07 

Primor/scalant 

0.025 

— 

— 

Inspection -Inspect  regular  hole 

0.02 

0.02 

O.IO 

Inspect  PT  hole 

0.04 

0.04 

0.04 

Inspect  tapered  hole 

0.12 

0.36 

0.40 

Inspect  llushness 

0.03 

0.03 

0.03 

Inspect  C/W  hole 

0.04 

0.04 

0.04 

Coldworking  - Place  sleeve 

0.065 

0.065 

- 

t 

Insert  and  pull 

0.050 

0.050 

Remove  sleeve 

0.02 

0.02 

Lubricate  and  bake 

- 

- 

0.10 

Push  or  squeeze  mandrel 

- 

0.16 

I 
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Process  Times  and  Costs  (at  S  10.50/hr) 


Nonnal  man-minutes 


1)  Taperlok  -protruding  head 

Prorated  setup  and  sample  plates 

Position  drill 

Drill  straight  hole 

Drill/csk  tapered  hole 

Position  reamer 

Ream  taper 

Inspect  hole 

lOr;  pin  ream 

100'?  pin  ream 

Insert  bolt 

Inspect  protrusion 

Drive  bolt 

Install  nut 

Torque  nut 

Inspect  tlushness 

149?  PF&D* 

Total  nonnal  man-minutes 
Labor  cost 

Cutter  cost/hole-drill 

Cutter  cost/hole-Taperlok  reamer 

Total  installation  cost 


Steel  Taperlok  pin 

S0.54 

Titanium  Taperlok  pin 

0.97 

Steel  nut 

0.07 

Titanium  seal  nut 

0.43 

Total  costs/installation 

Steel  Taperlok  and  steel  nut 
Steel  Taperlok  and  seal  nut 
Titanium  Taperlok  and  steel  nut 
Titanium  Taperlok  and  seal  nut 


Aluminum 

Titanium 

Steel 

0.236 

0.69 

0.82 

0.08 

0.16 

0.16 

— 

0.62 

3.10 

0.19 

- 

- 

— 

0.16 

0.16 

-- 

0.334 

0.105 

0.12 

0.36 

0.40 

0.015 

- 

0.20 

0.20 

0.06 

0.06 

0.06 

0.08 

0.08 

0.08 

0.08 

0.12 

0.15 

0.43 

0.43 

0.43 

0.0.“^ 

0.05 

0.05 

0.03 

0.03 

0.03 

0.192 

0.468 

0.80 

1.563 

4.210 

6.545 

S0.274 

S0.735 

SI. 14 

0.03 

0.015 

0.135 

— 

0.11 

0.84 

S0.304 

SO. 86 

r  i 

Aluminum 

Titanium 

Steel 

S0.9 1 

$1.47 

$2.73 

1.27 

1.83 

3.09 

1.34 

1.90 

3.16 

1.70 

2.36 

3.52 

Personal  fatigue  and  delay 


)  Coldworked  holes  with  titanium  Hi-Loks-protruding  head 


Normal  inan-minutes 
Aluminum  Titanium  Steel 


Prorated  setup 

0.110 

0.110 

0.25 

Position  drill 

-0.08 

0.16 

0.16 

Drill  straight  liole 

0.10 

0.62 

3.10 

Inspect  hole-sample 

0.01 

0.01 

0.01 

Place  sleeve  on  mandrel 

0.065 

0.065 

Insert  and  pull 

0.050 

0.050 

Remove  sleeves 

0.020 

0.020 

_ 

Drylube  hole 

0.10 

Place  aligner  on  mandrel 

... 

0.02 

Insert  mandrel 

_ 

- 

0.03 

Position  part  on  yoke  and  push 

_ 

— 

0.16 

Inspect  hole 

0.02 

0.02 

0.02 

Position  reamer 

0.16 

0.16 

Postream 

0.04 

0.84 

0.84 

Insert  bolt 

0.06 

0.06 

0.06 

Place  nut 

0.43 

0.43 

0.43 

Torque  nut 

0.07 

0.07 

0.07 

147c  PF&D 

0.147 

0.376 

0.76 

Total  normal  man-minutes 

1.202 

2.991 

6.17 

Labor  cost 

S0.21 

S0.523 

SI. 08 

Cutter  cost/hole -drill 

— 

0.015 

0.135 

Cutter  cost/hole -ream 

0.021 

0.21 

C/ W  sleeve  cost 

0.14 

0.14 

Mandrel  cost 

- 

- 

0.30 

Total  installation  cost 

50.35 

SO. 699 

SI. 725 

Titanium  Hi-Lok  pin  0.31 

Aluminum  collar  0.05 

Aluminum  seal  nut  0.14 

Total  costs/installation 

Aluminum 

Titaniuiii 

Steel 

C.'W  holes  with  titanium  Hi-Lok  plus 

aluminum  collar 

SO. 71 

SI. 06 

S2.09 

C,  W  holes  with  titanium  Hi-Lok  plus 

aluininuin  seal  nut 

0.80 

1.15 

2.18 

3)  Coldworked  holes  with  steel  lockbolts  and  10%  steel  Hi-Loks 


Normal  man-minutes 
Aluminum  Titanium  Steel 


Prorated  setup 

0.1 10 

0.110 

0.25 

Position  drill 

0.08 

0.16 

0.16 

Drill  straight  hole 

0.10 

0.62 

3.10 

Inspect  hole -sample 

0.01 

0.01 

0.01 

Place  sleeve  on  mandrel 

0.065 

0.065 

- 

Insert  and  pull 

0.050 

0.05 

- 

Remove  sleeves 

0.02 

0.02 

- 

Drylube  hole 

- 

— 

0.10 

Place  aligner  on  mandrel 

— 

— 

0.02 

Insert  mandrel 

— 

— 

0.03 

Position  part  as  yoke  and  push 

- 

— 

0.16 

Inspect  hole 

0.02 

0.02 

0.02 

Position  reamer 

0.01 

0.16 

0.16 

Postreain 

0.04 

0.84 

0.84 

Insert  lockbolt-90% 

0.054 

0.054 

0.054 

Place  collar-90% 

0.02 

0.02 

0.02 

Pull  lockbolt  and  swage  collar-90% 

0.07 

0.07 

0.07 

Insert  Hi-Lok-10% 

0.006 

0.006 

0.006 

Place  nut- 10% 

0.043 

0.043 

0.043 

Torque  nut- 10% 

0.007 

0.007 

0.007 

14%PF&D 

0.099 

0.315 

0.705 

Total  normal  man-minutes 

0.804 

2.570 

5.755 

Labor  cost 

$0.14 

S0.45 

$1.01 

Cutter  cost-drill 

— 

0.015 

0.135 

Cutter  cost  -reamer 

- 

0.021 

0.21 

C/W  sleeve  cost 

0.14 

0.14 

-- 

Mandrel  cost 

- 

- 

0.30 

Total  installation  cost 

$0.28 

S0.626 

$1,655 

Steel  lockbolt  pin  SO. 09 

.\luniinum  seal  collar  0.03 

Steel  Hi-Lok  pin  0. 17 

Aluminum  seal  nut  0.14 

Total  installed  costs 

Aluminum 

Titanium 

Steel 

C/W  Moles  with  90%  steel  lockbolts. 

1 0%  steel  Hi-Loks 

$0.42 

S0.77 

$1.80 

IiUcrference-fit  straight-shank  bolt 


Normal  man-minutes 

Aluminum 

Titanium 

Steel 

_ 

Prorated  setup  and  sample  plates 

0.19 

0.36 

— 

7/ 

Position  drill 

0.08 

0.16 

- 

Drill  straight  hole 

0.10 

0.62 

- 

Position  reamer 

- 

0.16 

- 

Ream 

- 

0.84 

- 

Inspect  sample 

0.04 

0.04 

- 

Insert  bolt 

0.06 

0.06 

- 

Drive  bolt 

0.08 

0.12 

- 

9 

Place  nut 

0.43 

0.43 

... 

Torque  nut 

0.07 

0.07 

- 

14%PF&D 

0.147 

0.40 

- 

Total  normal  man-minutes 

1.197 

3.26 

- 

1 

Labor  cost 

$0.21 

$0.57 

Cutter  cost/holc-drill 

- 

0.015 

Cutter  cost/hole-reamer 

— 

0.021 

1 

Total  installation  cost 

S0.21 

S0.606 

Interference-fit  titanium  pin  0.34 

.\luminum  collar  0.05 

Aluminum  seal  nut  0.14 

1 

Total  costs/installation 

Aluminum 

Titanium 

Steel 

Interference-fit  titanium  pin  with 
aluminum  collar 

S0.60 

SI. 00 

Above  with  aluminum  seal  nut 

0.69 

1.09 
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13.  abstract 


In  this  21-month  program,  optimized  process  parameters  for  sleeve  coldworking  of  fastener  holes  have 
been  developed,  and  the  effects  of  process  and  application  parameters  on  structural  performance  have 
been  defined  for  selected  aluminum,  titanium,  and  high-strength  '<teel  alloys.  The  sleeve  coldworking 
process  for  fastener  holes  is  a  process  that  uses  a  tapered  mandrel  in  conjunction  with  a  disposable, 
prelubricated  sleeve  to  compressively  prestress  a  significant  size  zone  around  each  hole  wluch  offsets 
the  stress  concentration  of  the  hole  itself.  I'he  sleeve  method  allows  higher  degrees  of  prestressing  than 
possible  with  other  methods  and  offers  potential  for  significant  iinpvovements  in  fatigue  performance. 
In  addition,  it  does  not  require  precision  controls  gcnnanc  to  other  fatigue-rated  hole 
preparation/fastener  installation  systems.  This  technical  report  covers  the  results  of  this  21 -month 
program.  In  addition  to  definition  of  optimized  methods  and  the  cfleets  of  process  and  application 
variations  upon  structural  performance,  the  results  include  performance  and  economics  comparisons 
for  the  process  with  other  fatigue-rated  hole  preparation/fastener  systems. 
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